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Introduction 



This volume of timely and practical circuits highlights the creative work of many people. 
Featured here are many circuits that appeared only briefly in some of our finer periodi- 
cals or limited-circulation publications. Also included are other useful and unique circuits 
from more readily available sources. 

The source for each circuit is given in the sources section at the back of the book. 
The bold figure number that appears inside the box of each circuit is the key to the 
source. For example, the High Stability Voltage Reference circuit shown below is Fig. 
93-10. If you turn to the Sources section and look for Fig. 93-10 you will find that 
Precision Monolithics supplied this circuit from p. 6-142 of their Full Line Catalog. 



HIGH STABILITY 
VOLTAGE REFERENCE 







Fig. 93-10 



Fig. 93-9: Reprinted with the permis- 
sion of National Semiconductor Corp. 
Transistor Databook, 1982, p. 11-25. 
Fig. 93-10: Precision Monolithics In- 
corporated, 1981 Full Line Catalog, p. 
6-142. 

Fig. 93-U: Precision Monolithics In- 
corporated, 1981 Full Line Catalog.p. 
10-18. 



Many circuits are accompanied by a brief explanatory text. Those that do not have 
text can be readily understood from similar circuits in that chapter, or else they may be 
too complex to be explained briefly. The sparseness of text is deliberate so as to allow for 
more circuits which, after all, is what this book is all about. 

The Index and Contents will be a time saver for the reader who knows exactly what 
he is looking for. The first page of each chapter lists the circuits in the order that they 
appear. The browser will surely discover many ideas and circuits that may well turn out 
to be most rewarding and great fun to put together. 

The Common Schematic Symbols chart will help you identify circuit components. 
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Common Schematic Symbols 
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Alarms 



1 he sources of the following circuits are contained in the Sources section beginning on page 730. The 
figure number contained in the box of each circuit correlates to the source entry in the Sources section. 



Computalarm 

Automotive Burglar Alarm 

Security Alarm 

Vehicle Security System 

Home Security Monitor System 

Antitheft Device 

Auto Burglar Alarm 

Tamper-Proof Burglar Alarm 

Latching Burglar Alarm 

Motion-Activated Motorcycle or Car Alarm 

Boat Alarm 



Blown Fuse Alarm 

Auto Burglar Alarm 

Continuous-Tone 2 kHz Buzzer with Bridge 

Drive, Gated on by a Logic 
Pulsed-Tone Alarm, Gated by a High Input, 

with Direct-Drive Output 
Piezoelectric Alarm 
Gated 2 kHz Buzzer 
Burglar Alarm 
Latching Burglar Alarm 
Sun -Powered Alarm 



Freezer Meltdown Alarm 
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COMPUT ALARM 



T0*12 V 
AT BATTERY 



TO GNU 
IBATTERY-I 



DOCK 
SWITCH 

TO SENSING 
SWITCHES / TRUNK 
USE AS MANY ^ SWITCH 
AS REQUIREO 

HOW 
SWITCH 




Fig. 1-1 



SWITCH 



TO HORN RELAY O 



.BLANK,, 

CONTACT A-j^-irsJ 

/Cj^'^BLANK 

blank W. •*•> 



COILTERMINAIS CONTACTLEADS 



FLAT SIK UP 



H "- — -^CONTACT B 

Kl, t! THERMAL RELAY 
BOTTOM VIEW 






« > 8 



K3 
REED RELAY 



Oi. 02 SCSI, 5CR? 

BOTTOM VIEW BOTTOM VIEW 



Circuit Notes 



The circuit has a built-in, self-arming fea- 
ture. The driver turns off the ignition, presses 
the arm button on the Computalarm, and leaves 
the car. Within 20 seconds, the alarm arms 
itself— all automatically! The circuit will then 
detect the opening of any monitored door, the 
trunk lid, or the hood on the car. Once acti- 
vated, the circuit remains dormant for 10 sec- 
onds. When the 10-second time delay has run 
out, the circuit will close the car's horn relay 
and sound the horn in periodic blasts (approxi- 



mately 1 to 2 seconds apart) for a period of one 
minute. Then the Computalarm automatically 
shuts itself off (to save your battery) and re- 
arms. If a door, the trunk lid, or the hood re- 
mains ajar, the alarm circuit retriggers and 
another period of horn blasts occurs. The Com- 
putalann has a "key" switch by which the 
driver can disarm the alarm circuit within a 
10-second period after he enters the door. The 
key switch consists of a closed circuit jack, Jl, 
and a mating miniature plug. 
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AUTOMOTIVE BURGLAR ALARM 
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TO DOME LIGHT 
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k -1000. M-IOOO OOO 



TO ALARM 



0-1 <> 
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1 — 
"2 
3 

4 



— e 

7 
6 

— 5 



©• ID 3' 



(BOTTOM VIEW) 



02, 03, 04, DEPENDING ON 
CASE STYLE 



Fig. 1-2 



D- 



Circuit Notes 

Alarm triggers on after a 13 second delay and stays on for 1-1 Vi minutes. Then it 
resets automatically. It can also be turned off and reset by opening and reclosing SI. 
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VEHICLE SECURITY SYSTEM 




DOME f— ; t 
LIGHT tSn 



fjj /fj /T7 



NOTE: CONNECT DOME LIGHT CIRCUIT 
TOfflOR ID A3 APPROPRIATE, 
BUT HOT BOTH. 



Fig. 1-4 



Circuit Notes 

This alarm gives a 15-20 second exit and entrance delay. After being triggered, the 
alarm sounds for five minutes and then shuts off. Once triggered, the sequence is 
automatic and is not affected by subsequent opening or closing of doors. 
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HOME SECURITY MONITOR SYSTEM 



— >—. r^ 



_j_, S3 




S5 



All diodes = 1N91« 



D6 
For siren, horn, etc. 



Fig. 1-5 



Circuit Notes 

This circuit. provides normally open (NO) and normally closed (NC) contacts SI, S2, 
and S3 to turn on the alarm after a 30 second delay. S4 and S5 operate instantly. The 
CANCEL switch resets the alarm. 
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ANTITHEFT DEVICE 



VIBRATION 
SENSOR 




_ _ _i 



NOTE: 

KM.} Aft! 4011 

□ 1 IS1N4148 

O2IS1N400t 

CONNECT UNUSED INPUTS 

TO0VOR+15V 



Fig. 1-6 



Circuit Notes 

Any momentary break in the protective loop or tripping of the normally closed 
vibration sensor, causes alarm to sound for 20 seconds. If the circuit is open all the time, 
the alarm will sound continuously. 



AUTO BURGLAR ALARM 



3.3kO< „„„„ ,_ 
1W < 1000mF 

r 35V 



To door 
switch 



+ 



6fl 

1W 




About 50 turns of No. 26 wire 
wrapped around reed switch 



Fig. 1-7 



\ 



Reed 
switch 



DPDT key switch 



Hidden 
reset switch 




-% 



9V battery 



To horn wire in 
steering wheel 



To auto ground 



Circuit Notes 



Dome light current-through LI closes reed switch and sounds alarm. Shaker switch 
also activates alarm. 
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TAMPER-PROOF BURGLAR ALARM 



EXISTING BURGLAR ALARM 



OPTO- -*- 
OUPLER "*■ 



Fig. 1-8 



NOTE: 

IC1.2 ARE 741 

Q1 ISTIP122 

01,2 ARE GENERAL PURPOSE DIODES 

Circuit Notes 

If R2 is opened or shorted, the alarm sounds. 




ntn 



H2V, 



ov 



LATCHING BURGLAR ALARM 



+6V' 



-6V *- 



S1 



R2< 



N.C. Door 

SWITCHES 

-o — »o o— »o- 




Q1 



c 4 + C@ 



SCR 



£D 



IT 



TO PROTECTIVE 
CIRCUIT 



R1 



WINDOW FOIL 



Fig. 1-9 



Circuit Notes 

When the protective circuit is interrupted (opened), the alarm sounds. To set the 
circuit, adjust R2 (with protective circuit open) for 1 V across Rl. 
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MOTION-ACTIVATED MOTORCYCLE OR CAR ALARM 




+ve 



RELAY} \ HORN 
I ■ 



50mm 



01 is BCY71 
R*lay to suit 



/ I 



Fig. 1-10 



I 



, C1 
•2u2 




.32 GAUGE (FINE) 

STEEL PIANO WIRE 



TO CIRCUIT 



VEROBOARD 



Circuit Notes 

Trembler (motion activated) switch sounds the alarm for 5 seconds. Then it goes 
off. Circuit is timed out for 10 seconds to allow the trembler switch to settle. 



BOAT ALARM 



m 




Fig. 1-11 



m 

Notes: 

* See text for details 

+12VdctoPin4o(324 

12V ground to Pin 1 1 of 324 



Circuit Notes 

Removing Rl or R2 from the circuit (i.e., the potential thief breaks a hidden wire 
that connects Rl to +12 V and R2 to ground) activates the alarm for about five minutes. 
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BLOWN-FUSE ALARM 



+V/iv.o- 



1M 



100K 



NPN 



NPN 



10K 

■Wr 



PNP 



FUSEo- 



1-M 






PNP 



100K 



lOK- 



NPN 



:^r® 



■1/iv.o- 




Jt^LED 



Fig. 1-12 



Circuit Notes 

If the fuse blows, the LED indicator starts to blink. 



lmegH 



1Z V 

J 



AUTO BURGLAR ALARM 

SHORT DURATION TIMERS ARE NEEDED 
TO ALLOW ENTRY AND EXIT 



ARM 
DISARM 
SWITCH 






4 14 



6 1/Z NE556 5 




n 



12. 

1/2NE556 8 



6 TO 6 

HORN 
RELAY 



Fig. 1-13 



T 



Imeglj 



DOOR 
SWITCHES 
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iO(ifd 



-a< 




10 
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CONTINUOUS-TONE 2 kHz 3UZZER 
WITH BRIDGE DRIVE, GATED ON BY A LOGIC 



* 



PB1 

(PRESS 

FOR ON) , 
I 
r 



IC1< 



GATE <R1 
•100k 



Fig. 1-14 



m 



-0+3VTO 18V 




C1 
4n7 



rcib 




NOTE: 

IC1 is 4011B 



!C1c 




Tx 
PB-2720 



TO 



IC1d 




PULSED-TONE ALARM, 

-GATED BY A HIGH INPUT, 

WITH DIRECT-DRIVE OUTPUT 



PB1 j 

(PRESS lo 
FOR lo 



ON) 



+3VT0 18V 
— o 



i 
i 

o- 



GATE 

R1 

100k' 



R2 

1 MO < 



Fig. 1-15 



rn 



C1 

100n 



IC1a b-int IC1b 



R3 
68k* 



IC1c 




NOTE: 

IC1 IS4011B 



C2 
4n7 



IC1d 




PB-2720 ■ 
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PIEZOELECTRIC ALARM 



"LTL 




Fig. 1-16 



GATED 2 kHz BUZZER 

0+3VTO 18V 



PB1 lO 
(PRESS |T 

FOR ON) 




r - r - f NOTE: 
/77 IC1 IS4011B 



Fig. 1-17 



BURGLAR ALARM 




Fig. 1-18 



LATCHING BURGLAR ALARM 
O- 



+6V S1 

-6V 



R1 



3 te> 




SCR1 



a 



To N.O. 

PROTECTIVE 

CIRCUIT 



Fig. 1-19 

Circuit Notes 

Closing the protective circuit (i.e., Rl to 

R2) applies positive voltage to the gate of 

SCR1 and sounds the alarm. It can only be 

turned off with SI. 
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SUN-POWERED ALARM 

9+ + 






Tube (pairited black inside) 



Load 



^=0 



Photocell 




2N3906 
. PNP 



10Kft 



Fig. 1-20 



Photocell 



m 



£D SCR 



m 



/f? 



Circuit Notes 



Circuit turns on when light (sunlight) strikes photocell. Potentiometer.R sets light 
level at which the alarm sounds. Painted tube (black on inside) may be used on photocell 
to aim at the sun. 



Speaker M 



FREEZER MELTDOWN ALARM 



2N2222 I 



hi 13 
Supply 



H<F 



12 U 10 



O KX 



rQ rCt 



.VF 



Return 
«l 1 




Fig. 1-21 



Circuit Notes 

The meltdown is a magnet held to a small stand by ice. A reed switch is below the 
magnet. When the ice melts, the magnet falls on the switch, closing it, and completing the 
alarm circuit. 
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Amateur Radio 



The sources of the following circuits are contained in the Sources section beginning on page 730. The 
figure number contained in the box of each circuit correlates to the source entry in the Sources section. 



Code Practice Oscillator Produces Automatic 

Dits and Dahs 
Rf Power Meter 
In-Line Wattmeter 
CW Signal Processor 
Two-Meter Preamplifier for Handitalkies 
Repeater Beeper 
Electronic Keyer 
Code Practice Oscillator 
Automatic Tape Recording 



Self-Powered CW Monitor 

Remote Rf Current Readout 

Code Practice Oscillator 

SWR Warning Indicator 

Subaudible Tone Encoder 

Audio Mixers 

Rf Powered Sidetone Oscillator 

Harmonic Generator 

Automatic TTL Morse -Code Keyer 

Remote Rf Current Readout 
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CODE-PRACTICE OSCILLATOR 
PRODUCES AUTOMATIC DITS AND DAHS 



3.3KS2 : 



%©^!r4E> 



Sputier 




Z i 1N4148 



H3y 



-«— JV> 



lOOKfl 
■Wv- 



j k 1HI414B 



47Kn b/P\ 

^^ — \>J 2N3M * 



u (3> 



OVf 



100KO 
-VW — t 



+9v.t 



r^ 



To Pin M of 
* 4011 jnd 4081 

To Pin 7 of 
4011 and 4081 



.OVf 



"DAH" 



Key * -dit' 



Fig. 2-1 



• "PADDLE" kev J 

Circuit Notes 

The circuit consists of a basic oscillator (above dashed line) and an automatic keyer 
(below dashed line). The unit can be used with a straight hand key or a paddle key for 
automatic operation. 
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RF POWER METER 



RGS8 PASSED THROUGH TOROID 



INfO— — f 



SKT1 



RFC1 




<J POWER 
SW1B 



D4&D5W T g7\ BO^AF 
1N914 .X. * \L/2k 



Fig. 2=2 



Circuit Notes 

Reflectometer (SWR Power Meter) covers three decades— from 100 kHz to 100 
MHz. It can be constructed for rf powers as low as 500 mW or up to 500 watts. 
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IN-LINE WATTMETER 




2 turn link 

T-50-2 lofoid, 
wound full core 
with No. 28 wire 
i«" space between 
windings to allow 
lor Li space. 
C? See text. 



Fig. 2-3 

Circuit Notes 

The circuit is not frequency sensitive. Its 
calibration will be accurate over a wide fre- 
quency spectrum, such as the entire amateur hf 
spectrum, if the values of L2, the voltage di- 
vider capacitors Cl-2 and C3, and the resis- 
tances of Rl-2 are chosen properly. Rl-2 and 
CR1-2 should be matched for best results. 
Generally, Rl-2 must be small compared to the 



reactance of L2 so as to avoid any significant 
effect on the L2 current which is induced by the 
transmission line current flowing through LI. 
The lower frequency limit of the bridge is set 
by the Rl-R2/Ls ratio, and the cutoff is at the 
point where the value of R1-R2 becomes sig- 
nificant with reference to the reactance of L2 at 
that frequency point. 
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CW SIGNAL PROCESSOR 




1-fcl 



Me 



o 



-€1 



^ 



fOk 



Fig. 2-4 



Jk M3I* J > 



Circuit Notes 



This circuit provides interferenced rejec- 
tion for the CW operator. The 567 phase - 
locked loop is configured to respond to tones 
from 500 to 1100 Hz. The Schmitt trigger re- 
duces the weighting effect caused by the output 
of the PLL remaining low after removal of the 
audio signal. Ten to 15 millivolts of audio acti- 



vate the circuit. For periods of loss of signal, 
circuit B will automatically switch back to live 
receiver audio after a suitable delay. (If a relay 
with a 5-volt coil is not available, the circuit can 
also be powered from +12 volts.) When circuit 
B is used, the contacts on relay Kl replace SI. 
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Preamplifier 

R5 

+15V 47 ° 

10 mA. 



TWO-METER PREAMPLIFIER FOR HANDIT ALKIES 

Transceiver 



1 



INPUT 

.001 



-C5 

■T\001 




HI 
4.7k 



R2 
470 
OUTl 

put' 



Ti2c3 
II 



r* 



f— 'WV— 1 >-| f-o—*wv< ^ f-0 



C2 
.001 



2N5179 



/77~" 



R3 



•R4 



C4 



02 




/77 



Circuit Notes 

This simple, inexpensive, wideband rf 
amplifier provides 14 dB gain on two meters 
without the use of tuned circuits. 



Fig. 2-5 



REPEATER BEEPER 



1 X BEEP 
1 /7T DEVIATION 




R2 



TO 

OK 1U0I ° 

™J INPUT 

ON 

TflANS- 

MrTTE-8 



/77 



DELAY BINGE 15 TO 5 SECONDS 
BuflST RANGE IS T05 SECONDS 
TONE BANGE 500 TO 1*00*11 



Fig. 2-6 



Circuit Notes 

The signal from COR triggers Ul which 
produces a beep-gate pulse that enables the 
analog gate consisting of D2 and D3 to pass the 
beep tone generated by U2. 
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ELECTRONIC KEYER 




TO 
TRANSMITTER 
€> • — »■ KEYING 



Fig. 2-7 



PARTS LIST FOR HAM'S KEYER 

CI-3-uF, 6-VDC electrolytic 

capacitor 
M-10-uF, 6-VOC electrolytic 

capacitor 
D1-1N60 diode 
K1-12-VDC relay 



Q1-HEP-253 pnp transistor 
H1-l0,000-ohm linear 

potentiometer 
R2-50,000-ohm potentiometer 
R3-12QO-ohm, Vi-watt resistor 
R4— 560-ohm, Vi>watt resistof 
R5— 5O00-ohm potentiometer 



Circuit Notes 

This circuit automatically produces Morse code dots and dashes set by time 
constants involving Cl and C2. Rl sets dot/dash ratio and R2 sets the speed. R5 sets the 
relay drop-out point. 

CODE PRACTICE OSCILLATOR 



L-OrO-H 



c 



(Pin I4) £- 



I PIN 7)<- 



-C>*-^ — 1>° — pp] sp " K " 



VOLTAGE DIVIDER 



■ion 



Fig. 2-8 



Circuit Notes 



This simple cpo uses the 7404 low-power 
Schottky hex inverter. C is a 5- to 30-/aF elec- 
trolytic selected for the desired pitch. The 
speaker is a 2-inch, 8-ohm unit. 



v ec e 

n n n n n n n 



nnnrnrT 

GND 
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AUTOMATIC TAPE RECORDING 



R8 
J70KO 



ft& H7 

isoon 220ft 



MlCROPHONE 
INPUT 




1C1 SK3688 OR LM59O0 OP AMP 
IC2 SK4049 INVERTING" HEX BUFFER 



RELAT DPOT RSS73-2(J 

Fig. 2-9 
Circuit Notes 

Amateurs don't have to miss the action while away from the rig. This circuit turns on 
a tape recorder whenever the receiver's squelch is broken. After signal loss, the 
recorder will shut off following a slight delay. 



SELF-POWERED CW MONITOR 




Fig. 2-10 



Circuit Notes 

Position L near the transmitter output tank to hear the key-down tone. Then tape 
the coil in place. C = .047 ^tF, R = 8.2 K, Q = HEP 253 (or equal), T = 500: 500 ohm 
center tapped transformer. L = 2 to 6 turns on W coil form. 
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REMOTE RF CURRENT READOUT 



LINE 




Circuit Notes 

A suitable pilot lamp is illuminated by a 
small sample of rf and energizes an inexpensive 
solar cell; the dc current generated by the cell 
is a measure of relative rf power, and may be 
routed to a low-current meter located at any 
convenient point. A sensitive, low-current 
pilot lamp is desirable to cause minimum dis- 
turbance to normal rf circuit conditions. The 
number 48 or 49, 60 m A lamp is suitable for use 
with transmitters above 1-watt output. 



Fig, 2-11 



CODE PRACTICE OSCILLATOR 




Circuit Notes 

Oscillator, works with 2 to lZVdc (but 9 to 
12 volts gives best volume and clean keying). 
Rl can be replaced with a 500 K pot and the 
circuit will sweep the entire audio frequency 
range. 



Fig. 2-12 



SWR WARNING INDICATOR 



TO ANTENNA 




FROM— f 

transmitter" 



Fig. 2-13 



390fl 



Circuit Notes 

Op amp with dc input from SWR meter can 
be adjusted to preset the SWR reading at which 
the LED lights. 
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SUBAUDIBLE TONE ENCODER 



Rl '6V 1 
68K *~ 



R3 



2N4I24 



mE 



Tzopf 



R4 
IOOK 1% 



r po 



*L?_i _ _L 



CI 

ioo^f ; 



C2 

02,i F 



-•+8 TO 15VDC 



R2 
IOOK 



C3 
03*tF 



C4 
.005 






R5 
IOOK Itt 



« — wU- J|— • *p <\f\, C P.S. OUTPUT TO INSERTION 

POINT ON TRANSMITTER 
AUDIO BOARD. INSERTION 
POINT WILL REQUIRE A LOAD- 
ING RESISTOR. [VALUE DE- 
PENDING ON RIG USED. 10 K TO 
.9 MEG FOUND EXPERIMEN- 
TALLY) 



CS 
.047 
^ MYLAR 
CT ftT C8 

.022 WYLAR 022 MYLAR 



R6 

3.3 K 



-^sXfl. ♦— 



-wv- 



-4*Ml- 



J^~L 



~RX 



y 



JES- 



SW2 

TONE S£L SWITCH 



JEEO. 



> 



■JOT- 



IOK TRIMPOTS 
FREQ AOJ 



Fig. 2-14 



Circuit Notes 

This twin-T oscillator produces six preset subaudible tones from 93 to 170 Hz in 
three ranges. 



<Xh»J£LL_)| — ^ 



SSTV 



TAPE 



-» 



IN 3 



PATjCH 



-»- 



IN 4 



AFS 



D~^> 



IN 5 



-3h 



Fig. 2-15 



AUDIO MIXER 

Rl 



^li^ h _ V : 



■31 — -A 



-)| — ^ 




lOfcF 

., STATION 

~\f > TRANS- 
MITTER 



♦I2-I8V 



Circuit Notes 

The 741 op amp is used as a summing amplifier to combine several audio inputs. 
Overall gain is set by Rf. 
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RF-POWERED SIDETONE OSCILLATOR 



9 +9 Vdc 



SHORT TELESCOPING 

WHIP* 

ANTENNA 




m m m rn m 

_.. „ , „ -PORTABLE RADIO REPLACEMENT TYPE 

Tig. 2-16 

Circuit Notes 

A sidetone oscillator is a special audio astable multivibrator. Keying is accomplished 

oscillator that is turned on and off with the hy applying a positive dc potential, developed 

transmitter. The oscillator is rf-driven and bat- from the rf signal, to the reset terminal of the 

tery operated. It uses a 555 IC timer as an 555. 



HARMONIC GENERATOR 



INPUT FROM 
XTAL OSC 



10k 



m 



Fig. 2-17 



n 

.01 




470 



1k 



2N3324 



SEE TEXT 



TD251 



rh 



-O -1.5V 



.01 



50mV HARMONIC 
OUTPUT 



2.2 



rh rh 



i 



Circuit Notes 

This circuit will produce 50 /iV harmonics through 1296 MHz with an input of 0.15-1 
V from a 100 or 1000 kHz crystal oscillator. With a germanium diode insteadijf a tunnel 
diode, harmonics can be heard up to about 147 MHz. 
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AUTOMATIC TTL MORSE-CODE KEYER 

r»T0ICI6PIN14 




MECCANO 

BRACKETS 



MICROSMTCHES 






RULERS 
16 in) 



DOT DASH 



SW1 



SW2 
DOT 



Fig. 2-18 



Circuit Notes 

Automatically generated dits and dahs are produced over a speed range of 1 1 to 39 
wpm. The upper limit can be raised by decreasing R2. SWl and SW2 can be a "home- 
brew" paddle operated key. 
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Amplifiers 



1 he sources of the following circuits are contained in the Sources section beginning on page 730, The 
figure number contained in the box of each circuit correlates tothe source entry in the Sources section. 



High Impedance Differential Amplifier 

Unity Gain Follower 

Voltage Controlled Variable Gain Amplifier 

Power Booster 

Logarithmic Amplifier 

Voltage Controlled Variable Gain Amplifier 

Discrete Current Booster 

Precision Process Control Interface 

Voltage Controlled Amplifier 

Absolute Value Amplifier 

Programmable Gain NoninvertingAmplifier 

with Selectable Inputs 
x 1000 Amplifier Circuit 
Inverting Amplifier with Balancing Circuit 
Switching Power Amplifier 
Precision Power Booster 
Noninverting Voltage Follower 
Color Video Amplifier 
Fast Voltage Follower 
Isolation Amplifier for Capacitive Loads 
Cable Bootstrapping 
Current Booster 
Wideband Unity Gain Inverting Amplifier 

in a 75 Ohm System 
High-Speed Current to Voltage Output 
Amplifier 

Logarithmic 



Gated Amplifier 

Reference Voltage Amplifier 

Fast Summing Amplifier 

Adjustment-Free Precision Summing Amplifier 

Summing Amplifier with Low Input Current 

x 10 Operational Amplifier Using L161 

x 100 Operational Amplifier Using L161 

Precision -Absolute Value Circuit 

Ultra-Low-Leakage Preamp 

Dc to Video Log Amplifier 

±100 V Common Mode Range Differential 
Amplifier 

Wide Bandwidth, Low Noise, Low Drift 
Amplifier 

Signal Distribution Amplifier 

Audio Distribution Amplifier 

High Input Impedance, High Output Current 
Voltage Follower 

Precision Amplifier 

Preamplifier and High-to-Low Impedance 
Converter 

Noninverting Amplifier 

High Impedance, High Gain, High Fre- 
quency Inverting Amp 

Log-Ratio Amplifier 

Inverting Amplifier 

Amplifier 
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V1- 




HIGH IMPEDANCE DIFFERENTIAL AMPLIEIER 

R6 
V/V 



R1 

■Wr 



fl3 



R4 



V2- 




Fig. 3-1 



R2 




RS 



R7 



* VOUT 



v OUT = C (1 + a +b)(V2 -V1) 

R2 R6 

rIJ" s py lor best CMRR 



R1 ■* R4 
R2 = R5 

R6 2R1 

Gain = -pTj- (1 + "p5") * C (1 + a +.b) 



10K 

input o — f WV 



UNITY GAIN FOLLOWER 

Q + 15V 



SlU 



~390pF 



1.3K 



Fig. 3-2 




0-15V 



27 



The Real Muslims Portal 



RMPInternational.TK 



VOLTAGE CONTROLLED VARIABLE GAIN AMPLIFIER 



U1B97E or 
2N4091 



U18S7E or 
2N4091 



sss?^— ^^H (T^-^tput 



-10V O- 



Fig. 3-3 



U1897E or 
2N40B1 




1 \ 



\ 

L1_A 



.001«iF 



Circuit Notes 

The tee attenuator provides for optimum dynamic linear range attenuation up to 100 
dB, even at f = 10.7 MHz with proper layout. 

POWER BOOSTER 

Circuit Notes 

Power booster is capable of driving mod- 
erate loads. The circuit as shown uses a 
NE5535 device. Other amplifiers may be sub- 
stituted only if R-l values are changed because 
of the Ice current required by the amplifier. Rl 
should be calculated from the following ex- 
pression: 




Rl = 



6 00 mW 
Ice 



All resistor values are in ohms. 



O-v 



Fig. 3-4 
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LOGARITHMIC AMPLIFIER 




Fig. 3-5 



Set R1 1 lor Vqut - at < tN * 100 pA 
Set R8 lor Vqut » 3V at I in = 100 ^A 
Set R3 for Vqut * - *V at l m * lO.pA 

33O0.ppM/*C. Type Q209 avattebie 
Irom Tel Labs, Inc., Manchester, N.H. 

Circuit Notes 

Unusual frequency compensation gives this logarithmic converter a 100 jwstime 
constant from 1 mA down to 100 jaA, increasing from 200 /xs to 200 ms from 10 nA to 10 
pA. Optional bias current compensation can give 10 pA resolution from - 55 °C to 100 °C. 
Scale factor is 1 "V/decade and temperature compensated. 

VOLTAGE CONTROLLED VARIABLE GAIN AMPLIFIER 



VmO— VSAi "■ 




GAM CONTROL 



Circuit Notes 

The 2N5457 acts as a voltage variable 
resistor with an Rd 5 (™> of 800 ohms max. Since 
the differential voltage on the LM101 is in the 
low mV range, the 2N5457 JFET will have 
linear resistance over several decades of resis- 
tance providing an excellent electronic gain 
control. 

Fig. 3-6 
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DISCRETE CURRENT BOOSTER 



R 4 
I W^r- 

130k 



vino— -j(-^vw-t — ' 



10k 



C3 



i 



R5 

15k 



O1O3 MPS65B0 
G2 MPS6562 




-O Vs ~ 24 V 



-OVOUT 



Fig. 3-7 



PRECISION PROCESS CONTROL INTERFACE 



f RDV= 1 A'Hf 1« ASSVl T T I h 

■Sl'iM «« to J tMOMi ' 



Fig. 3-8 



r 



HF 



T 




-V Dur tOVFORJOmA 
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VOLTAGE CONTROLLED AMPLIFIER 



R1 
10k 

VinC 
0VTO*SV 



01 
■ 1N414S1 Q1 

2N390S 




At A" 1 



VidA 



m mwtim 



VinC 




f> §3 8 



ov 



ov 



ov 



NOTE NO OUTPUT WHEN Vin C IS NEGATIVE 

Fig. 3-9 

Circuit Notes 

This circuit is basically an op amp with an nal (±10 mV) between pin 2 and 3 and by 
extra input at pin 5, A current Iabc is injected controlling the current on pin 5, the level of the 
into this input and this controls the gain of the signal output (pin 6) is controlled, 
device linerly. Thus by inserting an audio sig- 



ABSOLUTE VALUE AMPLIFIER 



VA O-v 



10K 



(•— £>j — vw 



6 

D C 




Fig. 3-10 



Circuit Notes 



The circuit generates a positive output The accuracy is poor for input voltages under 1 

voltage for either polarity of input. For positive V, but for less stringent applications, it can be 

signals, it acts as a noninverting amplifier and effective, 
for negative signals, as an inverting amplifier. 
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PROGRAMMABLE GAIN NONIN VERTING 
AMPLIFIER WITH SELECTABLE INPUTS 



"IN 1 j 

o 



'IK 2 
O- 



'im 
O- 



I 



HD-&- 



-o~TL- 



o> 



-^1 



o-^ 



V- 



O-nv 




15V 
9 



SlY-201 _» 

o-fA. 



o> 



^ 



-O-0-- 



HD-t^ 



i 



^ 



■0->-- 



0-15 



~t ° V 0UT 



M8KI1 > 8.BK!! <100K|1 



< IKil > 1Wn 5 It 



Fig. 3-11 



x 1000 AMPLIFIER CIRCUIT 



dm +isv °^ S7A 

75 kn 
-Wv 




+ 1iV 



;ri <rz 

> 2frkfi > 25 kQ 



-"NAAr-"— i 



Q1B 2N2060 




CI » " 15V 



-tsv 



■ VA — * 



R8 
SO kfi 
-"vV\«- 



ALL RESISTORS 1% 



Fig. 3-12 
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INVERTING AMPLIFIER 
WITH BALANCING CIRCUIT 



INPUT O \W 



O OUTPUT 




R4 5,1M1> 



Circuit Notes 

Req may be zero or equal to the parallel 
combination of Rl and R2 for minimum offset. 



SWITCHING POWER AMPLIFIER 




■ OUTPUT 



Fig. 3-14 



PRECISION POWER BOOSTER 



T~H- i °*f 




~p (TANTALUM) 



Fig. 3-15 



TLlO M F 

i (TANTALUM) 

TYPICAL PERFORMANCE: — 

SLEW RATE ^18V/jiSEC 

0.1% SETTLING 4 M SEC (f^ = 500) 

QUtESCENT SUPPLY CURRENT— 1 .5<nA 



NONINVERTING 
VOLTAGE FOLLOWER 




Chinctiriflfci 

H.j,» llHl!, I < 10 Hi 
Ml ;, ,» 30 Mi»ohmj. K ZOHi 
IV. los • MO mAOD 



Fig. 3-16 
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COLOR VIDEO AMPLIFIER 




tTTh 



IC = NE5S39 



Fig. 3-17 



FAST VOLTAGE FOLLOWER 



Fig. 3-18 




Power Bandwidth: 15 kHz 
Slew Rate: 1V/^s 



ISOLATION AMPLIFIER 
FOR CAPACITIVE LOADS 



na 6.-1 k 

^Sftr — -» - Vqut 



iF 




■J" 0.6 (iF 



+ 3 V 



-2 V 

• Ovarihoot &% 

• l, ■ tttn 

• Whin driving lirga C L , 1h» V aut (law rm it daurminad by C(_ 
■ nd 'outlmixl : 



AV out l ou , . 2 



V/M» - 0.04 W/i* (with C(_ ihowrO 



Fig. 3-19 



CABLE BOOTSTRAPPING 




Fig. 3-20 

Circuit Notes 

Bootstrapping input shield for a follower 
reduces cable capacitance, leakage, and spuri- 
ous voltages from cable flexing. Instability can 
be avoided with small capacitor on input. 
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CURRENT BOOSTER 



VlN 
O— 





VOOT 

m 



HIGH-SPEED CURRENT TO 
VOLTAGE OUTPUT AMPLIFIER 



1.19.H »n 



-vw- 



r 



i 



MAXIMUM LOAD CURRENT - i|M 110V 4- XX:. > 



Fig. 3-21 



WIDEBAND UNITY GAIN INVERTING 
AMPLIFIER IN A 75 OHM SYSTEM 



00 V MSB LSB 

o o o a a a o q 



RflEF 



B1 B2 B3 B4 B5 . BG 67 

DAC-0*E 
v REf<"> 

V+ V- C C 



CI 

1 II — 
0+1BV Q-iSV 




Fig. 3-23 



LOGARITHMIC AMPLIFIER 




Fig. 3-22 



100 k 
V, >0» — ■SAA, 1— &- 




33 i Lb 

~ 1-15 V 



V0 



y.0 = K|ln(K ? Vi) 



Fig. 3-24 
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GATED AMPLIFIER 



GATE 




Fig. 3-25 



REFERENCE VOLTAGE AMPLIFIER 



i — v^M* 




H?i 



hi OV = <1+2±)V REF 



SOpF* 



FEATURES 

1 MINIMUM BIAS CURRENT IN REFERENCE CELL 

2 SHORT CIRCUIT PROTECTION 



FAST SUMMING AMPLIFIER 

C2 
3 pF 



R1 
V 30K , 



R2 
30K 




*— V n 



Fig. 3-27 



C1 
150 pF 

Power Bandwidth: 250 kHz 
Smali Signal Bandwidth: 3.5 MHz 
Slew Rate: 10V/^.s 



ADJUSTMENT-FREE 
PRECISION SUMMING AMPLIFIER 



m 
Ei c>~~ AAAf ' ' 



IC = HA-OP07 
Fig. 3-26 




* OE 



Fig. 3-28 



6 -15V 



-Circuit Notes 

This circuit produces continuous outputs that 
are a function of multiple input variables. 
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SUMMING AMPLIFIER 
WITH LOW INPUT CURRENT 



C5(2> 




x 100 OPERATIONAL 
AMPLIFIER USING L161 



OUTPUT 



( 1 ) Power Bandwidth : 

250 kHz 
Small Sign*) Bandwidth 

3.6 MH* 
Stew Rate: 10 V/ms 

i a »c5 = i2^51 8 

n 1 



Fig. 3-29 



LM1D1AI3) 

Or Aquiv 



<3) In addition to increasing speed, 
the LM101A raises high and 
low frequency gain, increases 
output drive capability and elim- 
inates thermal feedback. 



•ii— OOUT 



"3 

IBKIi 




Fig. 3-31 



Circuit Notes 

Amplifier has gain-bandwidth product of 
20 MHz with slew rate of 0.3V/a* sec. 



x 10 OPERATIONAL 
AMPLIFIER USING L161 



PRECISION ABSOLUTE 
VALUE CIRCUIT 



♦3 V 



'SUPPLY = '20 u A 



Fig. 3-30 





OE 



CMITIVt IIWUT 



-r- CCOMP 
003 



VA-o.norF.pioN 

«HTH K* - Rl ■ M • IK: EO ■ ElN 

V0( MM* mCLUDIO; 

to • em * ivqci 



'o - v* (i * j 



_9i_ 



HEOATIVi l»UT 
I. 01 Of ». 01 ON 



#■» 



*M.M 



RJ> R<; 

WITH M • <W - fit Eo - I SVi 

, toll WftW IIS) tm 

*' ■ ■" fll |R2 * B3 • *4l 

a WTH R1 - Bl - ft] . FM: Eo • -E,N 

7. vos ERaoa kluhd 

to ■ -tin * I.SVOSJ - 06V OS1 
*. FOR BOTH INPUTS: Eo - * lm 



Circuit Notes 



Amplifier is 3 dB down at 100 kHz and has 
a slew rate of 0.02V/ju. sec. 



Fig. 3-32 
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ULTRA-LOW-LEAKAGE PREAMP 



VA — Oiiv 



o 




>«£ 



410 1: 

■Wb O " v 



Fig. 3-33 

Circuit Notes 

Input leakage— 2 pA at 75 °C. 



±100 V COMMON MODE 
RANGE DIFFERENTIAL AMPLIFIER 




0.05 jiF 

Pin numbers are shown for metal package only. 
Fig. 3-35 



DC TO VIDEO LOG AMPLIFIER 



WIDE BANDWIDTH, LOW 
NOISE, LOW DRIFT AMPLIFIER 





• PDW.F BW l m „ 



2*V B 



-« 240 kHl 



• Paralitic input capaeitanca ICi "3pF for LF1SS, LM56, anrt 
LP157 plut »nv additional layout capaciiancal intaracti with 
taadback alamantt and eraatat und#firabl* hioti fraquaricv pot* 
To compamata add C2 luch thai. R2C2 a PtICl. 



Fig. 3-34 



Fig. 3-36 
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SIGNAL DISTRIBUTION AMPLIFIER 



r »« *.j 



Fig. 3-37 



CtMneitrntici 

I. PoWtflf Ulp^lHlWIprOltClH 

Irom-lhi pvlpul UuH, |Q$ * 206 mA 

il.ThvHmllinfwl currwiiwhtn CASE 
HI OUIpUt UittWil Itmii (0.5 mA) 
willmbuV;, VQlind Vq2 
Irani ihilKiltti Vq3 h 




AUDIO DISTRIBUTION AMPLIFIER 



INPUT O- 



Fig. 3-38 



i«f 



■K- 



loo kn 



100 nF 



iMn 
-VW- 



VCC+ 




100 kU 



100 kfl 



100 kQ 



"OVCC+ 



D 



VCC+ 




TL084t 



D 



TLQB4t 




Lj 



TL084T 




> OUTPUT A 



> OUTPUT B 



JOUTPUTC 
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HIGH INPUT IMPEDANCE, HIGH 
OUTPUT CURRENT VOLTAGE FOLLOWER 



i, ^250M1 




o.i„f; 




-• v D 



t a * 100 ni 



^p * 7Q I> F 10 = 100 mA (maul 

HI V|E ~ 



Fig. 3-39 



PRECISION AMPLIFIER 



10 kit 



e;N 




Pin numbers are shown for metal package only. 



Characteristics 

A v = 1000 = 60 dS 
DC Gain Error = 0.05% 
Bandwidth = 1 kHz for -0.05% error 
Diff. Input Res. * 1 MO 
Typical amplifying capability 
e )N = 10 M Von V CM , = 1,0 V 
Caution: Minimize Stray Capacitance 
Avcl = 1 000 



Fig. 3-40 
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PREAMPLIFIER AND HIGH-TO-LOW IMPEDANCE CONVERTER 




TO 
CERAMIC £ 2M 2 
CARTRIDGE 
INPUTS 



Fig. 3-41 



Circuit Notes 

Thiscircuit matches the very high imped- characteristics are such as to quite closely 

ance of ceramic cartridges, unity gain, and low compensate for the RIAA recording curve. The 

impedance output. By "loading" the cartridge output from this_preamp may be fed to a level 

with a 2M2 input resistance, the cartridge pot for mixing. 

NONINVERTING AMPLIFIER 




Fig. 3-42 



HIGH IMPEDANCE, HIGH GAIN, HIGH FREQUENCY INVERTING AMP 



100K 



-E,„ Q 




2 IK 



"— It- 




BW* tOOKHi 
A v = tOO 



* O Eo 



,4 0-1 pF 



■^1 



-15V +1 5 V 

IC = HA2650/2655 



Fig. 3-43 
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LOG-RATIO AMPLIFIER 



Fig. 3-44 




■> V 0UT * - IV LOGio 1,1; 
OR IV LOGio V( 'V i 



15 4k 



>R1 



R T C TEL LABS 

•3500ppm Q81 



NOTES 

CIRCUIT SHOWN FOR NEGATIVE V OH f m 

fOR POSITIVE INPUTS 01 PNP AND V a ■ 15V 



INVERTING AMPLIFIER 



C2 



x» 



6 19) 



7(81 



CI 




Fig. 3-45 
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Analog-to-Digital Converters 



1 he sources of the following circuits are contained in the Sources section beginning on page 730 . The 
figure number contained in the box of each circuit correlates to the source entry in the Sources section. 

8-Bit A/D Converter A/D Converter 

Successive Approximation A/D Converter Three Decade Logarithmic A/D Converter 

8-Bit A/D Converter Tracking (Servo Type) A/D Converter 

8-Bit Tracking A/D Converter 3% Digit A/D Converter with LCD Display 

8-Bit Successive Approximation A/D Con- Fast Precision A/D Converter 

verter High Speed 3-Bit A/D Converter 

Four Channel Digitally Multiplexed Ramp Three IC Low Cost A/D Converter 
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SUCCESSIVE APPROXIMATION A/D CONVERTER 
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Fig. 4-2 



Circuit Notes 

A bipolar input, high speed A/D converter uses two AM25L03s to form a 14-bit 
successive approximation register. The comparator is a two-stage circuit with an 
HA2605 front -end amplifier used to reduce settling time problems at the summing node. 
Careful offset-nulling of this amplifier is needed. 
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8-BIT SUCCESSIVE APPROXIMATION AJD CONVERTER 
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Fig. 4-5 



FOUR CHANNEL DIGITALLY MULTIPLEXED RAMP A/D CONVERTER 
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Fig. 4-6 
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THREE-DECADE LOGARITHMIC A/D CONVERTER 

A, B, C, D - LM324A 
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3fc DIGIT A/D CONVERTER WITH LCD DISPLAY 
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Fig. 4-9 



FAST PRECISION A/D CONVERTER 
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HIGH SPEED 3-BIT A/D CONVERTER 
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Fig. 4-11 



Inpul voltage range: -3.5 V 
Typical conversion speed: 30 ns 
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Fig. 4-12 
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Attenuators 



rtn. 

1 he sources of the following circuits are contained in the Sources section beginning on page 730. The 
figure number contained in the box of each circuit correlates to the source entry in the Sources section. 

Digitally Selectable -Precision Attenuator Digitally Controlled Amplifier/Attenuator 

Variable Attenuator Programmable Attenuator (1 to 0.0001) 
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DIGITALLY SELECTABLE PRECISION ATTENUATOR 
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Fig. 5-1 



OFF 
OH 



ATTENUATION SELECT IW*TI 



Accuracy of better than 0.4% with standard 1 % value resistors 
No offset adjustment necessary 
Expandable to any number of stages 
Very high input impedance 



VARIABLE ATTENUATOR 




PN439i 

,IP51). /> T\ VtOEO 

I ^/ OUTPUT 



Circuit Notes 

The PN4391 provides a tow Rh(oa> (less 
than 30 ohms). The tee attenuator provides for 
optimum dynamic linear range for attenuation 
and if complete turn-off is desired, attenuation 
of greater than 100 dB can be obtained at 10 
MHe providing proper rf construction 
techniques are employed. 



Fig. 5-2 
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DIGITALLY CONTROLLED AMPLIFIER/ ATTENUATOR 
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PROGRAMMABLE ATTENUATOR (1 TO 0.0001) 
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Audio Mixers 



1 he sources of the following circuits are contained in the Sources section beginning on page 730. The 
figure number contained in the box of each circuit correlates to the source entry in the Sources section. 



Four Input Stereo Mixer 
High-Level Four-Channel Mixer 
Two Channel Panning Circuit 
CMOS Mixer 
Mixer Preamplifier with Tone Control 



Passive Mixer 

One Transistor Audio Mixer 

Silent Audio Switching/Mixing 

Hybrid Mixer 

Four Channel Mixer 
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FOUR-INPUT STEREO MIXER 
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Circuit Notes 



Four (or more) inputs can be mixed and 
produce stereo output. Gain of each stage can 
be boosted by adding RX, but it should be kept 
below 50 (RX above 2.2 K) to avoid poor fre- 
quency, response. If more than four stages are 



used, decrease RX to 6.8 K for six inputs, or 4.7 
K for eight inputs. The op amps are 741 or 
other lower noise types. The power supply 
circuit is also given. 
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HIGH-LEVEL FOUR-CHANNEL MIXER 
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Fig. 6-2 



PARTS LIST FOR HI-LEVEL MIXER 

CI-O.l-uF, 3 VDC capacitor 
C2-200-uF, 3 VDC capacitor 
C3-0.05-uF, 75 VDC disc capacitor 
C4-1 uF, 15 VDC capacitor 
C5-0.1-uF, 15 VDC capacitor 



IC1 -RCA CA 3052 
RT-100-ohms, W-watt resistor 
R2-47-ohms, W-watt resistor 
R3-Pctentiometer, 10,000-ohms 

audio taper 
R4- 10,000-ohms, %-watt resistor 



Circuit Notes 



To provide good signal-to-noise ratio, this 
four channel mixer amplifier controls the signal 
levels after the amplifiers, and then mixes 
them to offer a combined output. The circuit 
works with any 50 ohm to 50 K dynamic mi- 



crophone but not with crystal or ceramic mikes 
because the IC input impedance is low. Note 
that all four circuits are identical but that only 
one is shown complete. 
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TWO CHANNEL PANNING CIRCUIT 



Fig. 6-3 
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Circuit Notes 



CHANNEL (OUTPUT 




CHANNIL 2 OUTPUT 



This panning circuit (short for panoramic 
control circuit) provides the ability to move the 
apparent position of one microphone's input 
between two output channels. This effect is 
often required in recording studio mixing con- 



soles. Panning is how recording engineers 
manage to pick up your favorite pianist and 
"float" the sound over to the other side of the 
stage and back again. 



CMOS MIXER 









imd >+ 'ja 



® % 



± 




O +4- 15V 



Fig. 6-4 



Circuit Notes 



Four inputs can be mixed by duplicating 
the circuit to the left of C3 and using the fourth 
gate of IC1. Two gates are used in a touch- 
operated switching circuit that controls the 



voltage on the base of switching transistor Q2. 
Touching TPl and TP2 alternately turns the 
circuit on and off. 
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MIXER PREAMPLIFIER WITH TONE CONTROL 
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Fig. 6-5 



Circuit Notes 



General purpose preamplifier/mixer accepts up to four inputs, has a gain of 1600, 
and provides bass and treble controls that can be varied ± 10 dB ^t 100 Hz and 10 kHz 
respectively. IC1 and IC2 = LM301A. 



PASSIVE MIXER 
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Fig. 6-6 
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R output 



Circuit Notes 

This simple circuit can be used to combine stereo signals to produce a monaural 
output. Rl and R2 isolate both circuits and R3 controls the level of the combined output 
signal. 
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ONE TRANSISTOR AUDIO MIXER 
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Fig. 6-7 



Circuit Notes 

Three or more inputs with individual level controls feed into the base of Ql that 
provides a voltage gain of 20. 

SILENT AUDIO SWITCHING/ MIXING 



47k 
(HWV- 
VIN 1 

1M 

o— vw- 

ON =0V 
OFF = -15V 



Q1 




#— » 



-T47n 

//77J 



47k 



741 > — t o 



47k 02 

VIN2 



1M 

o — vw- 

ON =0V 



OFF = -15V -T47n 




r y^ V OUT 

/J777 

Q1.2 = 2N3819 



SWITCH TIME CONSTANT 47mS 



m? 



Fig. 6-8 



Circuit Notes 

Two or more signals can be switched and/or mixed without annoying clicks by using 
FETs and a low input-impedance op amp circuit. 
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60 



HYBRID MIXER 
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Circuit Notes 

ICla and b are biased into the linear regions by R3 and R4. (IC1 must be 4011A). 
Outputs from gates are combined by op amp IC2, which provides low impedance output. 

FOUR CHANNEL MIXER 

+9VIO+24V Output 
o O 

.1,i.f 

\h 



Ao-l(t 



nJ 



500KA 2,13 
■"WV •■ 



500KH 



BO— -jj — •— WV 






c^H^J^JLh, 



VI 



I 



DO- 



500Kn 



■j j m W — > 




Fig. 6-10 



Circuit Notes 

High gain op amp combines up to four individually controlled input signals. The dc 
power source should be well filtered (battery is ideal), and the circuit should be well 
shielded to prevent hum pickup. 
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Audio Oscillators 



Ihe sources of the following circuits are contained in the Sources section beginning on page 730. The 
figure number contained in the box of each circuit correlates to the source entry in the Sources section. 



Wien Bridge Oscillator 

Wien Bridge Oscillator 

Wien Bridge Oscillator 

Very Low Frequency Generator 

Audio Oscillator 

Sine Wave Oscillator 

Easily Tuned Sine/Square Wave Oscillators 

Wien Bridge Sine Wave Oscillator 

Phase Shift Oscillator 



Tone Encoder 

Feedback Oscillator 

Phase Shift Oscillator 

800 Hz Oscillator 

Tunable Single Comparator Oscillator 

Wide Range Oscillator (Frequency Range 

of 500 to 1) 
Wien Bridge Oscillator 
Wien Bridge Sine Wave Oscillator 
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WIEN BRIDGE OSCILLATOR 
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Fig. 7-1 
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Circuit Notes 



Field effect transistor, Ql, operates in the 
linear resistive region to provide automatic 
gain control. Because the attenuation of the RC 
network is one -third at the zero phase -shift 
oscillation frequency, the amplifier gain de- 
termined by resistor R2 and equivalent resis- 
tor Rl must be just equal to three to make up 
the unity gain positive feedback requirement 
needed for stable oscillation. Resistors R3 and 
R4 are set to approximately 1000 ohm less than 



the required Rl resistance. The FET dynami- 
cally provides the trimming resistance needed 
to make Rl one-half of the resistance of R2. 
The circuit composed of R5, Dl, and CI iso- 
lates, rectifies, and filters the output sine 
wave, converting it into. a dc potential to con- 
trol the gate of the FET. For the low drain-to- 
source voltages used, the FET provides a 
symmetrical linear resistance for a given gate- 
to-source voltage. 
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WIEN BRIDGE OSCILLATOR 
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Fig. 7-2 



Circuit Notes 

Wien bridge sine-wave oscillator using two RCA CA3140 op amps cover* 30 Hz to 
100 kHz with less than 0.5 percent total harmonic distortion. The 10k pot is adjusted for 
the best waveform/Capacitor CI and C2: are a two-gang, 450-pF variable with its frame 
isolated from ground. Maximum output into a 600-ohm load is about 1 volt rms. 
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Fig. 7-3 
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VERY LOW FREQUENCY GENERATOR 




> j-i 

OUTPUT 



-S2 
POS 


FREQ 
Hz 


CAPACITOR 


VALUE 


1 


1 


C1=C12= 


.5 + 1 


2 


2 


C2=C13 = 


.15 + J5 


3 


4 


C3=C14 = 


.15 


4 


6 


C4=C15= 


1 


5 


8 


C5=C16= 


.066 + 0068 


6 


10 


C6=C17= 


.D5 + D1 


7 


12 


C7=C18= 


-.05 


8 


14 


C8=C19= 


.033 +.01 


9 


16 


C9=C20 = 


0.33 +.0047 


10 


18 


C10=C21 = 


.033 


11 


20 


C11=C22= 


.015+015 


12 


- 


- 


- 



Fig. 7-4 

Circuit Notes 

Wien bridge oscillator generates frequen- tenuator allows the output level to be set with a 

cies of 1 Hz .and 2 to 20 Hz in 2 Hz steps. fair degree of precision to any value within a 

Maximum output amplitude is 3 volts rms of 8.5 range of 5 decades, 
volts peak-to-peak. A pot-and-switch at- 



AUDIO OSCILLATOR 
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Circuit Notes 

Almost any transistor will work. 
Rl and Cl will vary the tone. 
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Fig. 7-5 
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SINE WAVE OSCILLATOR 
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Fig. 7-6 



"Circuit Notes 

The oscillator delivers a high-purity sinusoid with a stable frequency and amplitude. 



EASILY TUNED SINE/SQUARE WAVE OSCILLATORS 




Fig. 7-7 
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Circuit Notes 

This circuit will provide both a sine and square wave output for frequencies from 
below 20 Hz to above 20 kHz. The frequency of oscillation is easily tuned by varying a 
single resistor. 
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WIEN BRIDGE SINE WAVE OSCILLATOR 
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Circuit Notes 

Using the 2N5457 JFET as a voltage vari- 
able resistor in the amplifier feedback loop, 
produces a low distortion, constant amplitude 
sine wave getting the amplifier loop gain just 
right. The LM103 zener diode provides the 
voltage reference for the peak sine wave 
amplitude. 



Fig. 7-8 
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Circuit Notes 

Circuit uses a simple RC network to pro- 
duce an exceptionally shrill tone from a minia- 
ture speaker. With the parts values shown, the 
circuit oscillates at a frequency of 3.6 kHz and 
drives a miniature 2W speaker with ear- 
piercing volume. The output waveform is a 
square wave with a width of 150 /as, sloping 
rise and fall times, and a peak-to-peak 
amplitude of 4.2 volts (when powered by 9 
volts). Current drain of the oscillator is 90 mA 
at 9 volts, and total power dissipation at this 
voltage is 0.81 watt, which is well below the 
1.25 watts the 14-pin version will absorb (at 
room temperature) before shutting down. 



Fig. 7-9 
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TONE ENCODER 



powen 
switch 



9 V BATTERY 



■a^o-\\\\- 




AUDIO 
OUTPUT 



, Jj«X\ or o < 






MOMENTARYSPSTSWITCHES 



/T7 

Fig. 7-10 

Circuit Notes 

A basic twin-T circuit uses resistors for accurately setting the frequency of the 
output tones, selected by pushbutton. Momentary switches produce a tone only when the 
button is depressed. 



FEEDBACK OSCILLATOR 




Circuit Notes 

Circuit oscillates because the transistor 
shifts the phase of the signal 180° from the base 
to the collector. Each of the RC networks in the 
circuit is designed to shift the phase 60° at the 
frequency of oscillation for a total of 180°. The 
appropriate values of R and C for each network 
is found from f = l/2V r 3ffRC); that equation 
allows for the 60° phase shift required by the 
design. 

Fig. 7-11 
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PHASE SHIFT OSCILLATOR 

+9V 




Fig. 7-12 



A/V 



250 Hz 



Circuit Notes 



A single transistor makes a simple phase 
shift oscillator. The output is a sine wave with 
distortion of about 104. The sine wave purity 
can be increased by putting a variable resistor 
(25 ohms) in the emitter lead of Ql (x). The 
resistor is adjusted so the circuit is only just 
oscillating, then the sine wave is relatively 
pure. Operating frequency may be varied by 



putting a 10 K variable resistor in series with 
R3, or by changing CI, C2, and C3. Making CI, 
2, 3 equal to 100 nF will halve the operating 
frequency. Operatingfrequency can also be 
voltage controlled by a FET in series with R3, 
or optically controlled by an LDR in series with 
R3. 




€L> 




01 pF .Ol yF Ol pF 

f-HI 



r 



OUTPUT 



Fig. 7-13 




10-n. SlO-n. 210 



12 VDC 



1 



Circuit Notes 

The following transistors may be used: HEP-254, O.C-2, SK-3004, AT30H. To 
increase the frequency, decrease the value of the capacitors in the ladder network. 
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TUNABLE SINGLE COMPARATOR OSCILLATOR 



4.7 kH 




OUTPUT 



100 Wl 



Circuit Notes 

Varying the amount of this comparator 
circuit's hysteresis makes it possible to vary 
output frequencies in the 740-Hz to 2.7-kHz 
range smoothly. The amount of hysteresis to- 
gether with time constant R6C1 determines 
how much time it takes for CI to charge or 
discharge to the new threshold after the output 
voltage switches. 



Fig. 7-14 



WIDE RANGE OSCILLATOR (FREQUENCY RANGE OF 5000 TO 1) 




Circuit Notes 

Timing resistor R may be adjusted to any 
value between 10 K and 50 M to obtain a fre- 
quency range from 400 kHz to 100 Hz. Return- 
ing the timing resistor to the collector of Ql 
ensures that Ql draws its base current only 
from the timing capacitor Ct. The timing 
capacitor recharges when the transistors are 
off, to a voltage-equal to the base emitter volt- 
age of Q2 plus the base emitter drops of Ql and 
Q2. The transistors then start into conduction. 
Capacitor Cs is used to speed up the transition. 
A suitable value would be in the region of 100 
pF. 



Fig. 7-15 
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WIEN BRIDGE OSCILLATOR 



v r . f --v cc 
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Fig. 7-16 



WIEN BRIDGE SINE WAVE OSCILLATOR 
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\- 
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Fig. 7-17 
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Audio Power Amplifiers 



1 he sources of the following circuits are contained in the Sources section beginning on page 730. The 
figure number contained in the box of each circuit correlates to the source entry in the Sources section. 



Low Cost 20 W Audio Amplifier 

75 Watt Audio Amplifier with Load Line 

Protection 
Bridge Amplifier 

Noninverting Amplifier Using Single Supply 
Noninverting Amplifier Using Split Supply 
6 W, 8 Ohm Output Transformerless Amplifier 
12 W Low-Distortion Power Amplifier 
10 W Power Amplifier 
Stereo Amplifier with Av = 200 
AM Radio Power Amplifier 
470 mW Complementary-Symmetry 

Audio Amplifier 



Novel Loudspeaker Coupling Circuit 

Noninverting Ac Power Amplifier 

Inverting Power Amplifier 

Noninverting Power Amplifier 

4 W Bridge Amplifier 

Phono Amplifier with a "Common Mode" 

Volume and Tone with Control 
Phono Amplifier 

Phonograph Amplifier (Ceramic Cartridge) 
Inverting Unity Gain Amplifier 
Bridge Audio Power Amplifier 
Phono Amplifier 
High Slew Rate Power Op Amp/Audio Amp 



16 W Bridge Amplifier 
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+ C3 
50V 



C2 

15/iF: 
50V 



LOW COST 20 W AUDIO AMPLIFIER 



R8 

1K 

■JWV 





+1R4 
- 150K« 



-wv * vw 



40V 

— o 



z 



SE9301 



INPUT 



R3 
120K 

R1 
10K 




10^F25V 



AW- 



A^V- 



< 




Q1 
2N5961 



Vy 1500/uF 



Q 70V 



« 



J+C4 



SE9401 



200^F.5V 



D1-D3=1N4148 



Fig. 8-1 



80 



Circuit 

This simple inexpensive audio amplifier 
can be constructed using a couple of TO-220 
monolithic Darlington transistors for the 
push-pull output stage. Frequency response is 
flat within 1 dB from 30 Hz to 200 kHz with 
typical harmonic distortion below 0,2%. The 
amplifier requires only 1.2 V™. for a full 20 W 
output into an 8 ohm load. Only one other 
transistor is needed, the TO-92 low-noise 
high-gain 2N5961 (Ql), to provide voltage gain 
for driving the output Darlingtons. Its base 



Notes 

(point B) is the tie point for ac and dc feedback 
as well as for the signal input. Input resistance 
is 10 K. The center voltage at point A is set by 
adjusting resistor R4. A bootstrap circuit 
boosts the collector supply voltage of Ql (point 
C) to ensure sufficient drive voltage for Q2. 
This also provides constant voltage across R7, 
which therefore acts as a current source and, 
together with diodes D1-D3, reduces low- 
signat crossover distortion. 
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BRIDGE AMPLIFIER 



Vs 

O 




" 11 wv 1 — 1 — li 



if- 



~<vyv- 




Fig. 8-3 

Circuit Notes 

This circuit is for low voltage applications dc levels will-be within a few tenths of a volt of 

requiring high power outputs. Output power each other. Where critical matching is required 

levels of LOW into 4 ohm from 6 V and 3.5 V the 500 K potentiometer is added and adjusted 

into 8 ohm from 12 V are typical. Coupling for zero dc current flow through the load, 
capacitors are not necessary since the output 



NONINVERTING AMPLIFIER USING SINGLE SUPPLY 

2.7' 1.1 u f 
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•J-r TVPIML SINGLE tWPlY 



• (LM1I7T ONLY) 



6 -RESISTORS 
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Fig. 8-4 
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NONINVERTING AMPLIFIER USING SPLIT SUPPLY 
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Fig. 8-5 
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TYPICAL SPLIT SUPPLY 
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Fig. 8-6 
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12 W LOW-DISTORTION POWER AMPLIFIER 
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Fig. 8-7 



10 W POWER AMPLIFIER 
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Fig. 8-8 
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Fig. 8-9 



STEREO AMPLIFIER WITH Av = 200 

vsO-#>- 
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AM RADIO POWER AMPLIFIER 




Not* 1 : Twist supply lead and supply ground very tightly. 
Not* 2: Twist speaker lead and ground very tightly. 
Now 3: Ferrite bead is Ferroxcube K5-O01-O01/3B with 3 
turns of wire. 



Nots4: R1 CI band limits input signals. 

Note 5: All components must be spaced very close to IC. 



Fig. 8-10 
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470 mW COMPLEMENTARY-SYMMETRY AUDIO AMPLIFIER 



<?-12V 



Q1 - 2N2429 
Q2 - 2N270B 
Q3 - 2N2430 



Fig. 8-11 
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Circuit Notes 

This circuit has less than 2% distortion and iaflat within 3 dB from 15 Hz to 130 kHz. 



NOVEL LOUDSPEAKER COUPLING CIRCUIT 



IC1 IS LM 380 



INPUT 




i- 



TO PINS 3, 4, 5, 
7, 10, 11, 12. 



:ci 

1000/ix 

ov 
o 



Fig. 8-12 



Circuit Notes 

The ground side of the speaker is con- 
nected to the junction of two equal high value 
capacitors (1000 \iY is typical) across the sup- 
ply. The amplifier output voltage will be V s /2, 
and so will the voltage across CI (if CI and..C2 
are equal); so as the supply voltage builds up, 
the dc voltage across the speaker will remain 
zero, eliminating the switch-on surge. CI and 
C2 will also provide supply smoothing. The 
circuit is shown with the LM380, but could be 
applied to any amplifier circuit, providing that 
the dc voltage at the output is half the supply 
voltage. 
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NONINVERTING AC POWER AMPLIFIER 
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Fig. 8-13 



NONINVERTING POWER AMPLIFIER 
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Fig. 8-15 



INVERTING POWER AMPLIFIER 



4 W BRIDGE AMPLIFIER 
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Fig. 8-14 



Fig. 8-16 
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PHONO AMPLIFIER 
WITH "COMMON MODE" 
VOLUME AND TONE CONTROL 




Mint 
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Fig. 8-17 
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Fig. 8-19 



INVERTING UNITY GAIN AMPLIFIER 



PHONO AMPLIFIER 
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Fig. 8-18 



Fig. 8-20 
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BRIDGE AUDIO POWER AMPLIFIER 
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H1-R4 CURRENT LIMIT HESISTOR 0.1SQ 2W 

R5 FEEDBACK RESISTOR 5kQ 

R6 FEEDBACK RESISTOR 

R7-R1B IHPUT RESISTORS 

C1-C4 BYPASS CAPACITORS 

C5-CS BYPASS CAPACITORS 

C9-C12 BYPASS CAPACITORS 



13 kfi 

10 kG 

47^ 25V. ELECTROLYTIC 

10/uF 25 V TANTALUM 

0.1 jiF 25V CERAMIC 



Fig. 8=21 



PHONO AMPLIFIER 




TABILITY WITH 
CURRENT L0AOS 



Circuit Notes 

Used when maximum input impedance is 
required or the signal attenuation olthe voltage 
divider volume control is undesirable. 



Fig. 8-22 
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HIGH SLEW RATE POWER OP AMP/AUDIO AMP 



Fig. 8-23 
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Features 

■ High Slew Rate 9 V/^s 

■ High 3 dB Power Bandwidth 85 kHz 

■ 18 Watts Output Power Into an 8 Load. 

■ Low Distortion — .2%, 10 VRMS, 1 kHz Into 8 



16 W BRIDGE AMPLIFIER 
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Fig. 8-24 
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Audio Signal Amplifiers 



1 he sources of the following circuits are contained in the Sources section beginning on page 730. The 
figure number contained in the box of each circuit correlates to the source entry in the Sources section. 



General Purpose Preamplifier 
Basic Transistor Amplifier Circuits 
Microphone Amplifier 
Transducer Amplifier 
Ultra-High Gain Audio Amplifier 
Transformerless Microphone Preamp (Bal- 
anced Inputs) 
Transformerless Microphone Preamp (Un- 
balanced Inputs) 
Magnetic Pickup Phone Preamplifier 
Disc/Tape Phase Modulated Readback Sys- 
tems 



Two-Pole Fast Turn-On NAB Tape Preamplifier 

Tape Preamplifier (NAB Equation) 

LM382 Phono Preamplifier 

Tape Recording Amplifier 

Magnetic Phono Preamplifier 

Phono Preamp 

Remote Amplifier 

Adjustable Gain Noninverting Amplifier 

High Gain Inverting AC Amplifier 

Flat Response Amplifier 

Preamplifier with RIAA/NAB Compensation 

Tape Playback Amplifier 
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GENERAL PURPOSE PREAMPLIFIER 
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♦ 10VTQ *40V<tc 
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Fig. 9-1 



Circuit Notes 

Not much can be said about how the LM382 works as most of the circuitry is 
contained within the IC. Most of the frequency-determining components are on the 
chip— only the capacitors are mounted externally. The LM382 has the convenient 
characteristic of rejecting ripple on the supply line by about 100 dB, thus greatly reducing 
the quality requirment for the power supply. 
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BASIC TRANSISTOR AMPLIFIER CIRCUITS 





5uF 



5«F 



INPUT 



^ 
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PUT 



'4700 



25/uF 



-p- >-Ol( 



HOOK 



+9V 



COMMON BASE 




COMMON EMITTER 



Circuit Notes 

Typical component values are given for 
use at audio frequencies, where these circuits 
are used most often. The input and output 
phase relationships are shown. 




COMMON COLLECTOR 



Fig. 9-2 
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ELECTRONIC BALANCED INPUT MICROPHONE AMPLIFIER 



Fig. 9-3 



Q 'Vcr 



33k 



^SJ«>-/7/?7 




*—o 



Circuit Notes 

It is possible to simulate the balanced per- 
formance of a transformer electronically with a 
different amplifier. By adjusting the presets, 
the resistor ratio can be balanced so that the 
best CMRR is obtained. It is possible to get a 
better CMRR than from a transformer. Use. a 
RC4136 which is a quad low noise op amp. 



TRANSDUCER AMPLIFIER 



T 



R2 
19.6 
1 
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c SRS 

0.1 -f >22M 




Bin - R 1 



/ R2\ R2+.RJ + R4 

-\ R.3/ R2 • Rj 



OUTPUT 



Fig. 9-4 



Circuit Notes 

This circuit is high-input-impedance ac resistance is 880 M, and a gain of 10 is ob- 
amplifier for a piezoelectric transducer. Input tained. 
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ULTRA-HIGH GAIN AUDIO AMPLIFIER 



«inO 




500 typical 



Circuit Notes 

Sometimes called the JFET /-i-amp, this 
circuit provides a very low power, high gain 
amplifying function. Since (x of a JFET in- 
creases as drain current decreases, the lower 
drain current is, the more gain you get. Input 
dynamic range is sacrificed with increasing 
gain, however. 



Fig. 9-5 



MICROPHONE AMPLIFIER 
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Circuit Notes 

This circuit operates from a 1.5 Vdc 
source. 
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Fig. 9-6 



87 



The Real Muslims Portal 



RMPInternational.TK 



TRANSFORMERLESS (BALANCE INPUTS) MICROPHONE PREAMP 
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Fig. 9-7 



TRANSFORMERLESS MICROPHONE PREAMPS 
(UNBALANCED INPUTS) 
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Fig. 9-8 
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MAGNETIC PICKUP PHONO PREAMPLIFIER 
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Fig. 9-9 
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Circuit Notes 

This preamplifier provides proper loading ratio of better than - 70 dB (referenced to 10 

to a reluctance phono cartridge. It provides mV input at 1 kHz) and has a dynamic range of 

approximately 35 dB of gain at 1 kHz (2.2 mV 84 dB (referenced to 1 kHz). The feedback 

input for 100 mV output). It features (S + N)/N provides for RIAA equalization. 



DISC/TAPE PHASE MODULATED READBACK SYSTEMS 



Fig. 9-10 



AMPLITUDE: 1-10 m¥ p-p I 

FReQUENCY: 1-4 MHz 




-oo 



READ HEAD DIFFERENTIATOR/AMPLIFIER ZERO CROSSING DETECTOR 
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TWO-POLE FAST TURN-ON NAB TAPE 
PREAMPLIFIER 



24V 



O.VF 




LM382 PHONO PREAMPLIFIER (RIAA) 



#~0 




D.0015 M F 

Fig. 9-13 



TAPE PREAMPLIFIER 
(NAB EQUALIZATION) 



TAPE RECORDING AMPLIFIER 
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Fig. 9-12 



Fig. 9-14 



90 



The Real Muslims Portal 



RMPInternational.TK 



MAGNETIC PHONO PREAMPLIFIER 
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Fig. 9-15 



REMOTE AMPLIFIER 




Fig. 9-17 



PHONO PREAMP (RIAA 
EQUALIZATION) 
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Fig. 9-16 



f » LOW FREQUENCY -3dB CORNER 
Fig. 9-18 
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HIGH GAIN INVERTING 
AC AMPLIFIER 




PREAMPLIFIER WITH RIAA/NAB 
COMPENSATION 



5.1 x 106 

"Hi 



Co - 



I 



2Tf„Hl 

(o = LOW FREQUENCY -3dB CORNER IC c H L »c a H,[ 
INPUT IMPEDANCE = fl| 
PINS 3. 5. 1D..1Z NOT USED Fig. 9-19 




< -tsv 

fi 100K *M RIAA / 

T ,, — va — * — w — f or 



HI * IH 



NAB 
Q 



18K 



0.003 

HI- 



'Select to provide »p*cifi«d trinidurtr loading. 
Output NoiM a O.SmV rmi Iwith input ihorted) 

All resistor values are in ohms. 



Fig. 9-21 



FLAT RESPONSE AMPLIFIER (FIXED 
GAIN CONFIGURATION) 



TAPE PLAYBACK AMPLIFIER 




24V 



0.1 jj F 



O.SVrms 



1k 0015/jF 

L—v^ |{_ 

Fig. 9-20 




Fig. 9-22 
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Automotive Circuits 



1 he sources of the following circuits are contained in the Sources section beginning on page 730. The 
figure number contained in the box of each circuit correlates to the source entry in the Sources section. 



Gasoline Engine Tachometer 

Speed Alarm 

Speed Warning Device 

Universal Wiper Delay 

Courtesy Light Extender 

Bargraph Car Voltmeter 

Tachometer 

High Speed Warning Device 

Breaker Point Dwell Meter 

Tachometer 

Capacitor Discharge Ignition System 

Windshield Wiper Control 



Auto Battery Current Analyzer 

Speed Switch 

Windshield Wiper Controller 

Windshield Wiper Hesitation Control Unit 

Ice Warning and Lights Reminder 

Car Battery Monitor 

Headlight Delay Unit 

Windshield Washer Fluid Watcher 

Car Battery -Condition Checker 

Overspeed Indicator 

Sequential Flasher for Auto Turn Signals 

Auto Lights-On Reminder 
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GASOLINE ENGINE TACHOMETER 
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■ 
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-4 












T> 


"S 










A 




k 


vtH2H7 




/I 






<s 




> 


LMM17(4MSti 






\ 































SMMCCtNL 
DttT. TERMINAL 



-» -II « Zi n IS 16 

TEMPERATURE (CI 



Fig. 10-1 



Circuit Notes 



This tachometer can be set up for any 
number of cylinders by linking the appropriate 
timing resistor as illustrated. A 500 ohm trim 
resistor can be used to set up final calibration. 



A protection circuit composed of a 10 ohm 
resistor and a zener diode is also shown as a 
safety precaution against the transients which 
are to be found in automobiles. 
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SPEED ALARM 



-vw- 

Nt 

IK 



R3 < 

*K7? C2 0» 

H30n INS! 6 




-wv- 



Fig. 10-2 



Circuit Notes 



Pulses from the distributor points are pas- 
sed through a current limiting resistor, rec- 
tified, and clipped at 4.7 volts. Via Ql and the 
diode pump, a dc voltage proportional to engine 
rpm is presented to RV1; the sharp transfer 
characteristic of a CMOS gate, assisted by 



feedback, is used to enable the oscillator 
formed by the remaining half of the 4011. At the 
pre-set speed, a nonignorable tone emits from 
the speaker, and disappears as soon as the 
speed drops by three or four mph. 
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3; R i5 ->*| 



6 6 



O — *- 



SPEED WARNING DEVICE 



2 'A _ 556 



.Olul ~ 
* ' •— 



■ 3 Si - 8M » 



1 L 



Vcc-12V 
O 



4 o 



OPER ATI NG WAVE FORMS 



OPERATING WAVEFORMS 
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PINE 






















ev 

PIN t 8. 2 


~~jxr\rrrrrmK 
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ev 

PIN 12* 13 
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i 


OUT 

PIN 9 


! 

1 
1 
1 
1 


I 

1 









Fig. 10-3 
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UNIVERSAL WIPER DELAY 




NE555 
IC1 



IC2 



— O POSITIVE 

T1 



i5on "1 

I c 3 [ RLA I TdZ 

O.IjjF ' 1 1 ^ 1N4003 



D1 



1N4003 




TO WIPER 
CIRCUITRY 



7 



SW1 
OVERRIDE 



T2 



►NEGATIVE 



Fig. 10-4 
Circuit Notes 



ICl is connected in the astable mode, 
driving RLA, C3, Dl, and D2 prevent spikes 
from the relay coil and the wiper motor from 
triggering ICl. VR2 is adjusted to give the 
minimum delay time required, VR1 is the main 
delay control and provides a range of from 



about 1 second to 20 seconds. SW1 is an over- 
ride switch to hold RLA permanently on (for 
normal wiper operation). The relay should 
have a resistance of at least 150 ohms and have 
heavy duty contacts. The suppression circuit 
may be needed for the protection of ICl. 
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COURTESY LIGHT EXTENDER 



+ 




+VE 



Q1 _ 

C1 BC3381 c 

47^F 

16V 




Q2 
2N3065 



-VE 



Fig. 10-5 



Circuit Notes 



Most car door switches are simply 
single-pole switches, with one side grounded. 
When the door is opened the switch grounds 
the other line thus completing the light circuit. 
In a car where the negative terminal of the 
battery is connected to the chassis, the nega- 
tive wire of the unit (emitter of Q2) is con- 
nected to chassis the positive wire (case of 
2N3055) is connected to the wire going to the 
switch. In a car having a positive ground sys- 
tem this connection sequence is reversed. 
When the switch closes (door open), CI is 
discharged via Dl to zero volts, and when the 
switch opens, Cl charges up via Rl and R2. 



Transistors Ql and Q2 are connected as an 
emitter follower (Q2 just buffers Ql) therefore 
the voltage across Q2 increases slowly as Cl 
charges. Hence Q2 acts like a low resistance in 
parallel with the switch and keeps the lights on. 
The value of Cl is chosen such that a useful 
light level is obtained for about four seconds; 
therefore the light decreases until in about 10 
seconds it is out completely. With different 
transistor gains and with variation in current 
drain due to a particular type of car, the timing 
may vary hut may be simply adjusted by 
selecting Cl. 
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BARGRAPH CAR VOLTMETER 




GREEN LEDs 



10V5 11V 



12V 



Q O O 0~1 

13V 14V 




15V 




-O TO BATTERY +V« 

VIA IGNITION SWITCH 



18 1? 16 15 14 13 12 11 10 



1C1 
LM3914 




RV2 

5k0 

SET LOWER 

LIMIT (10.5VI 



Fig, 10-6 



Circuit Notes 



The LM3914 acts as a LED-driving vol- 
tameter that has its basic maximum and 
minimum readings determined by the values of 
R2 and RV2. When correctly adjusted, the unit 
actually covers the 2.5 volt to 3.6 volt range, 
but it is made to read a supply voltage span of 
10-10.5 volts to 15 volts by interposing poten- 
tial divider R1-RV1 between the supply line 



and the pin-5 input terminal of the IC. The IC is 
configured to give a 'dot' display, in which only 
one of the ten LEDs is illuminated at any given 
time. If the supply voltage is below 10.5 volts 
none ofthe LEDs illuminate. If the supply 
equals or exceeds 15 volts, LED 10 illumi- 
nates. 



99 



The Real Muslims Portal 



RMPInternational.TK 



TACHOMETER 



INPUT 
FROM 
POINTS 



A/W — o 

R« +12V 

ISO 




ov 

(GROUND) 



Fig. 10-7 



Circuit Notes 



An electrical signal taken from the low 
tension side of the distributor is converted into 
a voltage proportional to engine rpm and this 
voltage is displayed on a meter calibrated ac- 
cordingly. The 555 timer IC is used as a 
monostable which, in effect, converts the. sig- 
nal pulse from the breaker points to a single 
positive pulse the width of which is determined 
by the value of R4 + RV2 and C2. Resistors R2 



and R3 set a voltage of about 4 volts at pin 2 of 
IC1. The IC is triggered if this voltage is re- 
duced to less than approximately 2.7 volts (^ 
of supply voltage), and this occurs due to the 
voltage swing when the breaker points open. 
An adjustment potentiometer RV1 enables the 
input level to be setto avoid false triggering. 
Zener diode ZD1 and the 180 ohm resistor 
stabilize the unit against voltage variations. 



100 



The Real Muslims Portal 



RMPInternational.TK 



HIGH SPEED WARNING DEVICE 



INPUT F-40M 

SPARK con ,fl011 



IftlPiiT t!| Tf R K fl-WPiK I[K 



' OPTIONAL 

TACHQMETtft 
10 F OUTPUT 

TANTALUM Q I 



f OR FRTQ 
CQU 




■WW * — ► 



-K " 



- , Ov^- 




OUFNCV V ^ M >— i-i 

JUGIING - - V / jf ^^ 



TACHOMETFK 



A I A1 LM79DD 



IC = LM29O0 or 
LM2907orLM2917 




Fig. 10-8 



Circuit Notes 



Al amplifies and regulates the signal from voltage with the reference voitage and turns on 

the spark coil, A2 converts frequency to vol- the output transistor at the set speed, 

tage so that its output is a voltage proportional Amplifier A4 is used to generate an audible 

to engine rpm. A3 compares the tachometer tone whenever the set speed is exceeded. 
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BREAKER POINT DWELL METER 



B+«- 



POINTS-4- 
GROUND ^ >">" 




, i— h > < > i 1 < -y^V-f 1 

|zok -^o.oz, F |iook ^1000 pf I ^ V 



Fig. 10-9 
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100 k 
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Fig. 10-10 



102 



The Real Muslims Portal 



RMPInternational.TK 



CAPACITOR DISCHARGE IGNITION SYSTEM 



-ttt- 



-W>- 



HC 




tOSOID ruANSFODMEII 
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Q3 NB111EY 
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Fig. 10-11 



WINDSHIELD WIPER CONTROL 



H2V 






2 2 / 35 V 
TANTALUM 



560K 



WIPES LOW 
SPEED LINE 

! 




t N- 



*^— 



Hi 



TAB SCR 
POLYPAKS 
92CUI730 
0« SIMILAR 



,3 



m 

A K G 



SN487I pO 

UNIJUNCTION 
TRANSISTOR isJJ 

B>/r 

E « 

-DtOOES - I AMP-PLASTIC 
RESISTORS - I/? WATT 



Fig. 10-12 

Circuit Notes 

Here's a good way to set windshield wipers on an interval circuit. Only two 
connections to the car's wiper control, plus ground, are required. Variable control can be 
accomplished by substituting a 500 K pot in series with a 100 K fixed resistor in place of 
the 560 K. 
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AUTO BATTERY CURRENT ANALYZER 



Fig. 10-13 



— gg&-»T Pin7 + ,.5v. 

'— 4^0 -» Topin4 - i - v - 




Circuit Notes 



This op-amp analyzer can measure the 
current drawn by .any device in a car. The 
analyzer works by measuring the very small 
voltage that develops across the battery cables 



when current flows. To calibrate the unit, mea- 
sure the current flow somewhere in the car 
with an accurate ammeter, then adjust the 
analyzer for that current reading. 






5k 5k 



C 



[ CHMIGI | 

rum 




SPEED SWITCH 




-Ov c 



=4 



? "t ii 



Circuit Notes 

Load is energized when 
1 
En 2RC 



•ST T 1 T "ST Fig. 10-14 
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WINDSHIELD WIPER CONTROLLER 




+ 1?V SOURCE 
(THROUGH CAR'S 
WIPER SWITCH! 



Fig. 10-15 



Circuit Notes 

This circuit provides complete speed con- principal circuits 



trol over car's windshield wipers. They can be 
slowed down to any rate even down to four 
sweeps per minute, The controller has two 



The rate-determining 
circuit —a unijunction transistor connected as a 
freerunning oscillator, and the silicon- 
controlled rectifier which is the actuator. 



WINDSHIELD WIPER HESITATION CONTROL UNIT 




5SS 
TIMEH 



150V 
CEW 



► MOTOR 
• SWITCH 



Fig. 10-16 



-W-f 



1N914 j f 



11V 12000 
JCDE 603-13 
i OR EQUIVALENT 



/77 
Circuit Notes 

This circuit uses the 555 timer in the asta- amount of "hesitation". (Approximately 2 to 15 

ble or oscillatory mode. The length of time the seconds.) R2 provides a minimum time delay 

timer is off is a function of the values of CI, R2, when R3 is at its zero ohms position, 
and R3. The potentiometer which controls the 



105 



The Real Muslims Portal 



RMPInternational.TK 



ICE WARNING AND LIGHTS REMINDER 



THERMISTOR 
NTC 




+ 12V 



S— 



VR1 

1M 

LIN 



LDH 
DRP12 

0V- 



Fig. 10-17 



Circuit Notes 

This device will tell a driver if his lights for temperature, VR2 for light. Both thermistor 



should be on and will warn him if the outside 
temperature is nearing zero by lighting a LED 
and sounding a buzzer9 VR1 adjusts sensitivity 



and LDR should be well protected. Most high 
gain NPN transistors will work. 



CAR BATTERY MONITOR 



+12 v. from car 



lOKfi 




NPN 
2N3904 



Circuit Notes 

Warning light (LED) indicates when bat- 
tery voltage falls below level set by 10 K pot. 
Can indicate that battery is defective or needs 
charging .if cranking drops battery voltage 
below preset "safe" limit. 



Fig. 10=18 
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HEADLIGHT DELAY UNIT 




TO +Ve CAR 
BATTERY 

TO HEADLIGHTS 
(PARALLEL WITH 
PRESENT SWITCH) 



Fig. 10-19 



Circuit Notes 



This circuit will operate a car's headlights 
for a predetermined time to light up the drive- 
way or path after the driver has left the car. 
SQl is pushed and Q2 is turned on closing the 
relay and turning on the car's headlights. CI 



begins to charge through VR1 until Ql turns 
on, turning Q2 off. The relay will then open 
switching off both the lights and the unit. The 
delay is governed by the time taken for the 
capacitor to charge, which is about one minute. 



WINDSHIELD WASHER FLUID WATCHER 



+ I2VVIA 
IGNITKJN SWrTCH 



300-OHM TWIN. 
MTH 8ARE 
USED AS PROBES 



Fig. 10-20 




WINDSHIELD WASHER 
RESERVOIR 



Circuit Notes 

This circuit relies upon the minute current between two conductive probes sus- 
pended in a washer fluid reservoir. When the level is below the probes, Ql turns on and 
the Sonolert sounds. 
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CAR BATTERY CONDITION CHECKER 



TO 12V LINE 
THAT IS 
TURNED ON 
BY IGNITION 
SWITCH 




CAR FRAME 



Circuit Notes 

This circuit uses an LED and 4081 CMOS 
integrated circuit. The variable resistor sets 
the voltage at which the LED turns on. Set the 
control so that the LED lights when the voltage 
from the car's ignition switch drops below 13.8 
volts. The LED normally will light every now 
and then for a short period of time. But, if it 
stays on for very long, your electrical system is 
in trouble. 

Fig = 10-21 



OVERSPEED INDICATOR 



M30S2 



68ii 




L 



0O33*iF 



<-£Hl 




HASHING 8EGHNSWHEN < |N .-100 Hi 

HASH HATE INCREASES WITH INPUT FREQUENCY 

INCREASE BEYOND TRIP POINT 



Circuit Notes 

An op-amp comparator is used to compare 
the converter output with a dc threshold vol- 
tage. The circuit flashes the LED when the 
input frequency exceeds 100 Hz. Increases in 
frequency raise the average current out of ter- 
minal 3 so that frequencies above 100 Hz re- 
duce the charge time of C2, increasing the LED 
flashing rate. IC = LM2907 or LM2917 



Fig. 10-22 
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SEQUENTIAL FLASHER FOR AUTOMOTIVE TURN SIGNALS 



OFF , 



TiMER NO. I 

_L 



TIMES NO. 2 



MECHANICAL 
FLASHER 
(LOAD 
DEPENDENT, 
"3 LAMPS) 




Circuit Notes 



When the turn signal switch SI is closed, 
lamp #1 will be activated and capacitor CI will 
charge to the triggered voltage of Ql. As soon 
as the anode voltage on Ql exceeds its gate 
voltage by 0.5 V, Ql will switch into the low 
resistance mode, thereby triggering SCR1 to 
activate lamp #2 and the second timing circuit. 

Fig. 10-23 



After Q2 switches into the low resistance 
state, SCR2 will be triggered to activate lamp 
#3, When the thermal flasher interrupts the 
current to all three lamps, SCR1 and SCK2 are 
commutated and the circuit is ready for another 
cycle. 



AUTO LIGHTS-ON REMINDER 



Fig. 10-24 



+12VDC 



+12VDC 



S L 



LIGHT SWITCH 



BUZZER 



IGNITION 
SWITCH 

15.25U 



\ 



50PIV 
IA 



IGNITION 
LOAD 



Circuit Notes 

The alarm is composed of a diode, buzzer, and limiting resistor. The diode serves as 
a switch which allows the buzzer to sound off only when the light switch is closed and the 
ignition is turned off. 
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Battery Chargers 



1 he sources of the following circuits are contained in the Sources section beginning on page 730 . The 
figure number contained in the box of each circuit correlates to the source entry in the Sources section. 



12 V Battery Charger 

Simple Ni-Cad Battery Charger 

12 V Battery Charger Control (20 Amps Rms 

Max.) 
Battery Charger 

Automatic Shutoff Battery Charger 
200 mA-Hour, 12 V Ni-Cad Battery Charger 
Ni-Cad Charger with Current and Voltage 

Limiting 



Automotive Charger for Ni-Cad Battery Packs 

Constant Voltage, Current-Limited Charger 

Ni-Cad Charger 

Simple Ni-Cad Battery Zapper 

Battery Charging Regulator 

Low-Cost Trickle Charger for 12V Storage 

Battery 
Fast Charger for Ni-Cad Batteries 
Current Limited 6 V Charger 
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12 V BATTERY CHARGER 



V|N > 18V 




TO 12V 
BATTERY 



Fig. 11-1 



Circuit 

This circuit is a high performance charger 
for gelled electrolyte lead-acid batteries. 
Charger quickly recharges battery and shuts off 
at full charge. Initially, charging current is 
limited to 2A. -As the battery voltage rises, 
current to the battery decreases, and when the 
current has decreased to 150 mA, the charger 
switches to a lower float voltage preventing 



Notes 

overcharge. When the start switch is pushed, 
the output, of the charger goes to 14.5 V. As the 
battery approaches full charge, the charging 
current decreases and the output voltage is 
reduced from 14.5 V to about 12.5 V terminat- 
ing the charging. Transistor Ql then lights the 
LED as a visual indication of full charge. 
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SIMPLE NI-CAD BATTERY CHARGER 



PARTS LIST FOR 
NICAD BATTERY CHARGER 

C1 — 100-jliF, 50- V electrolytic o 
capacitor 117 Vac 

D1 — 1-A, 400 PIV-silicon rectifier 50/6O Hz 

Q1 _40-W, pnp power transistor o 

R1— 2000-ohm potentiometer 

T1— 24-Vac, 1 17-Vac primary 
filament transformer 




Fig. 11-2 

Circuit Notes 

This circuit provides an adjustable output voltage up to 35 Vdc and maximum output 
current of 50 mA. Transistor Ql dissipates quite a bit of heat and must be mounted on a 
heatsink. 

12 V BATTERY CHARGER CONTROL (20 AMPS RMS MAX.) 



MR 1121 



2N6167 




T1 - PRIMARY = 30 TURNS #22 

SECONDARY = 45 TURNS #22 

CCflE - FERROXCUBE 203 F 181-3C3 
" R s - SERIES RESISTANCE TO LIMIT CURRENT THROUGH SCR. 
2N6167 iS RATED AT 20 AMPS RMS. 



Fig. 11-3 
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Fig. 11-4 




BATTERY CHARGER 



M1 

dc AMMETER 

G0-15A 
° 



CR1 

FW BRIDGE RECTIFIER 

25A100PIV 

POLY PAKS92CU1234 



T1 

TRANSFORMER 
120 Vac 



120 Vac 60 Hz 



TBI 
TRIAC 
6A 200 PRV 
R.S. 276-101 



D1 

BI-DIRECTIONAL DIODE 

R.S. 276-1050 



0.VF z=Z 
200 V ^ 



4 




Circuit Notes 

A diac is used in the gate circuit to provide work for the signal being applied to the gate. Rl 
a threshold level for firing the triac. C3 and R4 is selected to limit the maximum charging cur- 
provide a transient suppression network. Rl, rent at full rotation of R2. 
R2, R3.-C1, and C2 provide a phase-shift net- 



AUTOMATIC SHUTOFF BATTERY CHARGER 



I4V 



1 



3on 

-Wr- 



3011 



--^Q^ 



2 



TRIAC 
OR SCR 



-"p lOO^F K \ 



25V 



TRIAC OR 
SCR 



8.2 

lzENER 



47fl 
WW 

500 ft 
WW 

CHARGE 
STOP 



Fig. 11-5 



Circuit Notes 

Adjust by setting the 500 ohm resistor while -attached to a fully charged battery. 
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200 mA-HOUR, 12 V NI-CATJ BATTERY CHARGER 



63 



+ 24V0CO *■ 



1N400I 

AAA, • M 0+ BATTERY 

TO BE 

- CHAR6EO 



Fig. 11-6 




Circuit Notes 

This circuit charges the battery at 75 mA battery can be left in the charger indefinitely, 

until the battery is charged, then it reduces the To set the shut-off point, connect a 270-ohm, 

current to a trickle rate. It will completely 2-watt resistor across the charge terminals and 

recharge a dead battery in four hours and the adjust the pot for 15.5 volts across the resistor. 



NI-CAD CHARGER WITH CURRENT AND VOLTAGE LIMITING 



&o 



*CI = 470juF OR 
"GREATER 




Fig. 11-7 



Lamp LI will glow brightly and the LED 
will be out when the battery is low and being 
charged, but the LED will be bright and the 
light bulb dim when the battery is almost ready. 
Ll should be a light bulb rated forthe current 
you want (usually the battery capacity divided 



Circuit Notes 

by 10). Diode Dl should be at least 1 A, and Zl 
is a 1 W zener diode with a voltage determined 
by the full-charge battery voltage minus 1.5 V. 
After the battery is fully charged, the circuit 
will float it at about battery capacity divided by 
100 mA. 
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AUTOMOTIVE CHARGER FOR NI-CAD BATTERY PACKS 



TO AUTO 

CIGARETTE LIGHTER 
PLUG 



fi 




SILICON DIODES 

SOPl.VATZOOmA 

SUFFICIENT. LARGER 
VALUES ACCEPTABLE. 
SEE TEXT 



Fig. 11-8 

Circuit Notes 

The number of silicon diodes across the output is determined by the voltage of the 
battery pack. Figure each diode at 0.7 volt. For example, a 10,9- volt pack would require 
10.9/0.7 = 15.57, or 16 diodes. 



CONST ANT- VOLTAGE, CURRENT-LIMITED CHARGER 



IC LM723C VOLTAGE REGULATOR (FOR 12V dc 
OUTPUT 0.42A MAX.) 




Circuit Notes 

For 12 V sealed lead-acid batteries. 



Fig. 11-9 



Tl TRANSI-'ORMfcR. IX 13V [RMSI, \-}\ <RMS) 

HI. D? 100V I A DIOnt: 

CI * 50V.470(i[ KLIX'TROLVTK 'CONDENSER 

TRI MJ2K40 lOAeOV I 50W (MOTOROLA) 

IC LM7J.SC (NATIONAL SKMU'ONDUCTORt 

Rl 4 7 OHM I/3W JP 

K: S.IK OHM IJ4W 

R! 1 'IK OHM 1/4W 

R4 7 SK OHM I/4W 

R5 K :K OHM I/4W 

VR >KOI1M 

C'3 50V lOOOFh 
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NI-CAD CHARGER 



SW1a 




12V 



TR1 



OV 



LED1 



A 



LED2 




4— o ■ 

+v» 



LED3 



-V« 



SERIES 
CELL 



PARALLEL 
CELLS 




Fig. 11-10 

Circuit Notes 

This circuit uses constant current LEDs 
to adjust charging current. It makes use of 
LEDs that pass a constant current of about 15 
mA for an applied voltage range of 2-18 V. They 
can be paralleled to give any multiple of 15 mA 



and they light up when current is flowing. The 
circuit will charge a single cell at 15, 30 or 45 
mA or cells in series up to the rated supply 
voltage limit (about 14 V). 



SIMPLE NI-CAD BATTERY ZAPPER 

0-1 0A 
COMPONENTS NOT CRITICAL 
-<J\p 



£>=■ 



Fig. 11-11 



10A 

->r 



* O 




DOORBELL OR 
FIL XFMR 
6-1 4V 




1000 /^F 
16V 



A+ 



Circuit Notes 

This circuit is used to clear internal shorts in nickel cadmium batteries. To operate, 
connect ni-cad to output and press the pushbutton for three seconds. 
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BATTERY CHARGING REGULATOR 




Fig. 11-12 



ALL RESISTORS 1/2 WATT EXCEPT AS NOTED 

Circuit Notes 

The circuit is capable of charging a 12- volt component selection. When the battery voltage 

battery at up to a six ampere rate. Other volt- reaches its fully charged level, the charging 

ages and currents, from 6 to 600 volts and up to SCR shuts off, and a trickle charge as deter- 

300 amperes, can be accommodated by suitable mined by the value of R4 continues to flow. 



LOW-COST TRICKLE CHARGER FOR 12 V STORAGE BATTERY 



^ 



1 1 7 Vac 




*r 



+ 



dc output to battery 



15-35 V 



Fig. 11-13 



Circuit Notes 

Charge rate can be varied and is based on the size of bulb. 
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FAST CHARGER FOR NI-CAD BATTERIES 



*v. 

16V 



Tv 



STAHT 



LM33GI 



'\ i VA ►{— I 



INPUT 



LM3t7 




THERMALLY COUPLE 



200 



Adjust D1 to 50 mV greater V^ than D2. 

Charge terminates on 5°C temperature rise. Couple D2 to battery. 

Fig. 11-14 



I 



6V -12V 



CURRENT LIMITED 6 V CHARGER 



LM3T7L 



V|N. 
9V TO 30V 



lOOOpF* 



V|N VquT 

AOJ 



'240 



^Sj 100 
2N2222 J— ^^r 



1 Ik 



R1 
10* 



* SetS'peak current, IpEAK = SV/R1 
* * 1000 jiF is recommended to filter 
out any input transients. 



Fig. 11-15 
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12 

Battery Monitors 



1 he sources of the following circuits are contained in the Sources section beginning on page 730. The 
figure number contained in the box of each circuit correlates to the source entry in the Sources section. 

Solid-State Battery Voltage Indicator Low Voltage Monitor 

Ni-Cad Discharge Limiter Undervoltage indicator for Battery Oper- 

Battery Condition Indicator ated Equipment 

Equipment on Reminder Low Battery Indicator 

"Battery Charge/Discharge Indicator Battery-Level Indicator 

Precision Battery Voltage Monitor for HTs Battery-Threshold Indicator 
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SOLID-STATE BATTERY VOLTAGE INDICATOR 



+ V (tip) 




R1, R2, R3 =47H 

R4 = 39 H 

Z1 =9.8 volt zener diode 

Z2 = 11.1 volt zener diode 

23 - 11.5 volt zener diode 

L1 - L3 = light emitting diodes 

Two lights on - OK <L1 + L2) 

One light on - low voltage (L1 only) 

Three lights on - overvoltage (L1 + L2 + L3) 



Sf -V (ring) 



Fig. 12-1 



NI-CAD DISCHARGE LIMITER 



Ni-Cad 
12-24V 




R3 1k 
- J WV- 



m 



Circuit Notes 

The circuit disconnects the battery from 
the load when output voltage falls below a pre- 
set level. CI charges through Rl and turns on 
Q2. Collector current flows through R2 turning 
Ql on and battery is connected to the load. 
When the output-voltage falls below a point set 
by RV1, Q2 turns off, Ql turns off and further 
discharge of the battery is prevented. 



Fig. 12-2 
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BATTERY CONDITION INDICATOR 

SI 



R1 
8 2k 




*- + 



Fig. 12-3 



Circuit 

A 741 op amp is employed as a voltage 
comparator. The noninverting input is con- 
nected to zener reference source. Reference 
voltage is 5.1V. R2 is adjusted so that the vol- 
tage at the inverting input is half the supply 
voltage. When supply re higher than 10.2V, the 
LED will not light. When the supply falls just 



Notes 

fractionally below the 10.2V level, the IC in- 
verting input will be slightly negative of the 
noninverting input, and the output will swing 
fully positive. The LED will light, indicating 
that the supply voltage has fallen to the preset 
threshold level. The LED can be made to light 
at other voltages by adjusting R2. 



X,Y 
FIG. 3 



-»:: 



:i8K 



EQUIPMENT ON REMINDER 



+ 9 

A 



;ik 




5/iF 



2N4870 



220 

-Wr 




LED 



100 



Fig. 12-4 



2N2222 



150 



*RADI0 SHACK 
RS 276-2029 
OR ANY TYPE UJT 



Circuit Notes 

Due to the low duty cycle of flashing LED, the average current drain is 1 mAor less. 
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BATTERY CHARGE/DISCHARGE INDICATOR 



CZ) O »5-16V 




Fig. 12-5 



,•>. YELLOW 
NOMINAL 



V RED 

*- DISCHARGE 



Circuit Notes 

This circuit monitors car battery voltage. and yellow/green LEDs are on or off. For 
It provides an indication of nominal supply vol- example the red LED comes on at 11 V, and the 
tage as well as low or high voltage. RV1 and green LED at 12V. The yellow LED is on 
RV2 adjust the point at which the red/yellow between these values. 

PRECISION BATTERY VOLTAGE MONITOR FOR HTS 



HT 
BATTERr 



X 



*l'h ^O" 



1/4 OR 
■I/6W 



INTERSIL 
ICL92IIC9A 



tf/Tqi* U 8 



Z Ul 7 2N/C 
■3 6 ] N/C 




(ANy 
SMALL LEO; 



^ 



Circuit Notes 

The precision voltage-monitor chip con- 
tains a temperature-compensated voltage ref- 
erence. Rl divides down the battery voltage to 
match the built-in reference voltage of IC1 
(1.15 volts). When the voltage at pin 3 fails 
below 1.15 volts, pin 4 supplies a constant 
current of 7 mA to drive a small LED. About 0.2 
volt of hysteresis is added with R2. Without 
hysteresis, the LED could flicker on and off 
when the monitored voltage varies around the 
set point, as might be the case on voice peaks 
during receive. 



Fig. 12-6 
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LOW- VOLTAGE MONITOR 



R1 
100 kfi 



R2 

100 kn? 5 V 



R3 

100 kn 



-VWr- 

R4 
1 kfi 



TIL209A 



1 



- + BATTERY V " ' » C \^__ 

^^ LM239 



i 



Fig. 12-7 



vo 

i 



a. SCHEMATIC OF CIRCUIT FOR LOW-VOLTAGE INDICATOR 



Circuit Notes 

This circuit monitors the voltage of a battery and warns the operator when the 
battery voltage is below a preset level by turningon an LED. The values are set for a 12V 
automobile battery. The preset value is 10 volts. 



UNDERVOLTAGE INDICATOR FOR 
BATTERY OPERATED EQUIPMENT 



fRI 
'22K 



fSfsM -T-' 001 



wx 



tfu 



:ioo 

■4 ii 



r iUv 



VOLTAGE 

MONITORED 

(ISV) 



Circuit Notes 

Due to the low duty cycle of flashing LED, 
the average current drain is 1 mA or less. The 
NE555 will trigger the LED on when the moni- 
tored voltage falls to 12 volts. The ratio of Rl to 
R2 only needs to he changed if it is desired to 
change the voltage point at which the LED is 
triggered. 



Fig. 12-8 
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LOW BATTERY INDICATOR 



♦9 V 
Q 



l MEGn 



2N4274 



MP ADJUST, 



Ai 



'SUPPLY " to^a 




Circuit Notes 

The indicator flashes an LED when the 
battery voltage drops below a certain 
threshold. 2N4274 emitter-base junction 
serves as a zener which establishes about 6V 
on the L161's positive input. As the battery 
drops, the L161 output goes high. This turns on 
the Darlington, which discharges CI through 
the LED. The interval between flashes is 
roughly two seconds and gives a low battery 
warning with only 10 £tA average power drain. 



Fig. 12-9 



BATTERY-LEVEL INDICATOR 




R3 
610k 



R2 
12k 



Vth =-8V 




LEO dims Mow 7V 



Fig. 12-10 



BATTERY-THRESHOLD INDICATOR 




V TH =6V 
l D1 = 5 mA 



m 



.Rt 



>ttlk >4.7 



Fig. 12-11 
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13 



Buffers 



1 he sources of the following circuits are contained in the Sources section beginning on page 730. The 
figure number contained in the box of each circuit correlates to the source entry in the Sources section. 

Sine Wave Output Buffer Amplifier Wideband Buffer 

Single-Supply AC Buffer Amplifier High Resolution ADC Input Buffer 

Single-Supply AC Buffer 100 x Buffer Amplifier 

High-Speed 6-Bit A/D Buffer 10 x Buffer Amplifier 

High Impedance, Low Capacitance Stable High Impedance Buffer 

High-Speed Single Supply AC Buffer 
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SINE WAVE OUTPUT BUFFER AMPLIFIER 




Circuit Notes 

The sine wave output has a relatively high 
output impedance (IK typ). The circuit pro- 
2C vides buffering, gain, and amplitude adjust 
ment. -A simple op amp follower could also be 
used. 



«r 



Fig. 13-1 



SINGLE SUPPLY AC BUFFER AMPLIFIER 



V C C ■ 12.0V 

O 



INPUT 




Circuit Notes 

The input is dc biased to mid-operating 
" point and is ac coupled. Its input impedance is 

OUTPUT approximately 500K at low frequencies. For dc 
loads referenced to ground, the quiescent cur- 
rent is increased by the load current set at the 
input dc bias voltage. 



Fig. 13-2 
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SINGLE SUPPLY AC 
BUFFER (HIGH SPEED) 




M»F 

-4H 



VOUT 





'HEEDED fOn tO* 
IMKDANCE-*T HIGH 
FREQUENCIES 



-MB 



'LOW*' V(N*1«Hi I 
<LOW*T.VOyT* VfBMjf 
ASSUME Vin ■ MV FF SJNE WAVE fSV-rtAKi 
THEN FULL PORTE* RANDWr'QTH IS 

ma<»i for ujf-02. and 

l.HMHf FOR 1UF 03 



Fig. 13-3 



HIGH SPEED 6-BIT A/D BUFFER 




Fig. 13-4 



HIGH IMPEDANCE LOW 
CAPACITANCE WIDEBAND BUFFER 




v IN o— « — ► 



OV 0UT 



Fig. 13-5 



Circuit Notes 



The 2N5485 has low input capacitance 
which makes this compound series-feedback 
buffer a wide-band unity gain amplifier. 



HIGH RESOLUTION 
ADC INPUT BUFFER 






*1 








VREF 


DIGITAL 
OUTPUT 











MAXIMUM ERROR FROM BUF-01 IS SOOiiV. 
RESOLUTION OF 10V, 14-BIT ADC IS *1B«V. 
BUF-01 RESOLVES 1/2 LSB OF 14«tT SYSTEM. 



Fig. 13-6 
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100 x BUFFER AMPLIFIER 




TTP. BW3(e = 5MHl 



Fig. 13-7 



STABLE, HIGH IMPEDANCE BUFFER 









-\^ 


Sfl 


0.25V^ric 














^ OUTPUT NOISE - 0-3S 




Z IN 


2iXH3f! 




uV P-P TVP 



200 x 10* 
• 1 .QnA 



OUTPUT OFFSET - D.2mV TVP 
BANDWIDTH * 1.2MHz 



Fig. 13-9 



10 x BUFFER AMPLIFIER 




TYP »W3<(B = 10 MHz 



Fig. 13-8 



HIGH-SPEED 
SINGLE-SUPPLY AC BUFFER 



9 *20V O.I2„F 



vino 1|- 




I 50nF 



V 



•NEEDED FOR LOW IMPEDANCE AT HIGH 
FREQUENCIES 



lL0WATV| N .1,4SHr _ 

li.0vvATV0LIT-1.59H! 

ASSUME V|N - 10V P P SINE WAVE ISV PEAK} 

THEN FULL POWER BANDWIDTH IS 

APPROXIMATELY BOOkHl 



Fig. 13-10 
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14 



Capacitance 
(Touch) Operated Circuits 



1 he sources of the following circuits are contained in the Sources section beginning on page 730. The 
figure number contained in the box of each circuit correlates to the source entry in the Sources section. 



Capacitance Relay 

Capacitance Operated, Battery Powered Light 
Touch Sensitive Switch 
Low Current Touch Switch 
Capacitance Switched Light 
Momentary Operation Touch Switch 
Touch Triggered Bistable 
Capacitance Operated Alarm to Foil Purse 
Snatchers 



Self-Biased Proximity Sensor Works on De- 
tected Changing Fields 

Touch Switch or Proximity Detector 

Finger Touch Touch or Control Switch 

Proximity Detector 

Touch Circuit 

CMOS Touch Switch 

Latching Double-Button Touch 
Switch 
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CAPACITANCE RELAY 



I50W LOAD (MAX) 
AAAr 




G-E 

CI06B 



NOTE: ALL RESISTORS 1/2 WATT 



Fig. 14-1 



Circuit 

Capacitor CI and body capacitance (C2>6f 
the operator form the voltage divider from the 
hot side of the ac line to ground. The voltage 
across Cl is determined by the ratio of CI to 
C2. The higher voltage is developed across the 
smaller capacitor. When no one is close to the 
touch button, C2 is smaller than Cl. When a 
hand is brought close to the button, C2 is many 
times larger than Cl and the major portion of 



Notes 

the line voltage appears across Cl. This vol- 
tage fires the neon lamp, Cl and C2 discharge 
through the SCR gate, causing it to trigger and 
pass current through the load. The sensitivity 
of the circuit depends on the area of the touch 
plate. When the area is large enough, the cir- 
cuit responds to the proximity of an object 
rather than to touch. Cl may be made variable 
so sensitivity can be adjusted. 
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CAPACITANCE OPERATED, BATTERY POWERED LIGHT 



O + 6V 

TWO METAL STRIPS ABOUT 1/16" APART 
f~^ BRIDGING THE GAP WITH YOUR 
[ ; FINGER ACTIVATING THE SWITCH 



h: 



10MO . 



.3 5 



4011 



^Hh 



47 uF 




+6VO 



2MI1 



502 LAMP 



4011 




,€ 



12| 



13 




/77 



Circuit Notes 



Fig. 14-2 



Touch the plate and the light will go on and constant of the 47 jaF capacitor and the 2M 
remain on for a time determined by the time resistor. 



TOUCH-SENSITIVE SWITCH 




Circuit Notes 

A high impedance input is provided by Ql, 
a general purpose field effect transistor. 741 op 
amp is used as a sensitive voltage level switch 
which in turn operates the current Q2, a 
medium current PNP bipolar transistor, 
thereby energizing the relay which can be used 
to control equipment, alarms, etc. 



Fig. 14-3 



131 



The Real Muslims Portal 



RMPInternational.TK 



LOW CURRENT TOUCH SWITCH 



TOUCH 
CONTACTS 



ON 



O-f-O 

M |5 



OFF 




01 



Q2 



+5V-15V 




NOTE: 

Q1,2 ARE BC108 

fCI IS 4011 



LOAD 



I 



Fig. 14-4 



ov 
-O 



Circuit Notes 

Touching the on contacts with a finger brings pin 3 high, turning on the Darlington 
pair and supplying power to the load (transistor, radio etc). Ql must be a high gain 
transistor, and Q2 is chosen for the current required by the load circuit. 



CAPACITANCE SWITCHED LIGHT 




2N3906 



TWO METAL 
STRIPS 
C^ABOUT 

.1/16" APART 




+6V 

— a 



? l 



/b' 



rn 



Circuit Notes 

The battery powered light turns on easily, 
stays on for just a few seconds, and then turns 
off again. The circuit is triggered when you 
place a finger across the gap between two 
strips of metal, about l/16th inch apart. 
Enough current will flow through your finger to 
any scr with trigger the SCR after being amplified by the 

s€NsmvE ELY 2N3906 - 0nce the SCR is fired > current wil1 
gate flow through the bulb until its internal bimetal 

switch turns it off. Once that happens, the SCR 
will return to its nonconducting state. 



TYPE "407 
-, .FLASHER 
/ /LAMP 



Fig. 14-5 
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MOMENTARY OPERATION TOUCH SWITCH 



12 Vdc 



TOUCH ON 



#53 




D17P 



Fig. 14-6 



TOUCH TRIGGERED BISTABLE 



+9V 



T1 

D- 



-R1 
3:3MH 



S 



R3 1 



R2 
3.3MJ1 



4 8 

6 555 3 

5 

1 2 



-C1 

*0.1;nF 



□ 

T2 



D1. 



TIL209 i^ 



D2 
TIL209 



3fe* 



R4 ■ 

47on; 



Fig. 14-7 



Circuit Notes 



This circuit uses a 555 timer in the bista- 
ble mode. Touching T2 causes the output to go 
high; D2 conducts and Dl extinguishes. 
Touching Tl causes the output to go low; Dl 
conducts and D2 is cut off. The output from pin 
3 can also be used to operate other circuits 



(e.g., a triac controlled lamp). In this case, the 
LEDs are useful for finding the touch terminals 
in the dark. CI is not absolutely necessary but 
helps to prevent triggering from spurious 

pulses. 
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CAPACITANCE OPERATED ALARM TO FOIL PURSE SNATCHERS 



DISABLE 
SWITCH 



\ 



i c 

I 



-7^ 



TOUCH PLATES-TWO 
METAL STRIPS ABOUT 
1/16" APART 



CZ=] 

r~~i 



NOTE 1 



£ 4011 V-^ 



MOMfl ~2/jF 



J 



NOTE 2 



4011 



iowin 



100Kft 



4011 



+9V 




3.3KJ1 



HORN 




B 




2N3904 



2N3904 



NOTES: 

1. ON STRAP-HAND MUST TOUCH BOTH 
PLATES OR ALARM SOUNDS. 

2. HIDDEN RESET TOUCHPLATE - 
TURNS ALARM OFF WHEN TOUCHED. 



Fig. 14-8 



Circuit Notes 

As long as touch plates (1) are touched together, the alarm is off. If not held for about 
30 seconds, the alarm goes off. The circuit can be disabled with switch or by touching the 
plates (2). The alarm is battery operated by a bicycle horn. 
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SELF-BIASED PROXIMITY SENSOR WORKS 
ON DETECTED CHANGING FIELD 



+5VQ — » 



ELECTRIC FIELD 
DETECTOR PLATE* 




-i-H 



(OPT) ? 1 



MEOnl 




iok n 3 
-VW 1 



L^rJ r 



T100/T3OO 




2ZKn 




'S2KS! 



*— o 



0.16,iF £30KQ 

MYLAR 



V OOT IOor5V> 



G Al N GF THRE E PE AK DETECTOR 
•DETECTOR PLATE MAY BE DOUBLE-SIDED PC BOARD OR ANY INSULATED METAL SHEET 



SCHMITTTRIGGEH 



Fig. 14-9 



TOUCH SWITCH OR PROXIMITY DETECTOR 



1 1 5 VOLTS 
60HI 




IOM 



IM TO 
*— WV— »• SENSING 

ELECTRODE 
6E 
2N6027 



Fig. 14-10 



ALL RESISTORS 1/4 WATT 



Circuit Notes 

This circuit is actuated by an increase in sensing electrode. Thus, sensitivity is adjusted 

capacitance between a sensing electrode and with the 1 megohm potentiometer which de- 

the ground side of the line. The sensitivity can termines the anode voltage level prior to 

be adjusted to switch when a human body is clamping. This sensitivity will be proportional 

within inches of the insulated plate used as the to the area of the surface opposing each other. 
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FINGER TOUCH OR CONTACT SWITCH 



COPtTACT 
PLATE 



\S 



-OST01SV 



j- <^SV-pV^^W* n fll « 




,™,s - ^ 



T 



INPUT 
ltd Nil 




rz 



Fig. 14-11 



Fig. 14-12 



PROXIMITY DETECTOR 



» >R 

!5 >f" 



%) 



00(i|+ 



NOTE D1 IS PHOTOOIODe 

IC1 ISCA3S4C D2 IS TN4l4fl 

01 iS3N33ia ZDl IS 2V7 400mW2ENER 

Q2.4 ARE 0C104L LED1 IS 3mm RED i,ED 

03 IS SD140 LED2 IS IS INFRA RED LED 



h||—W\i— i™ 



■toi 



R7 100k 



i i— i 



10k 5** 



R11 

12k 0V 





/77 "SEE TEXT 

INFflA-RED TRANSMITTER PHOTODIODE AMPLIFIER 



COMPARATOH 



Circuit Notes 



The proximity sensor works on the prin- Dl. The circuit can be split into three distinct 
ciple of transmitting a beam of modulated stages; the infra-red transmitter, the photo- 
infra-red light from the emitter diode LED2, diode amplifier, and a variable threshold com- 
and receiving reflections from objects passing parator. 
in front of the beam with a photodiode detector 
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TOUCH CIRCUIT 



iAj 



"UTLT 

J470K 



51 K < 



6.2X <3.9K 

11 ji 



♦-VW-i 

J- lz_ 



'HQ 



>s f 

470K 

"-WHi 

oS-J 



25 n 1— f 



■*H- 



LL 



Fig. 14-13 



Q A & Q B -3N2484 



ALL CAPACITORS 1 u F 



CMOS TOUCH SWITCH 



IC1 IK 

7413 '► 



20n . 



330 
-WV- 




Touch here 



• O — ' ' — O f- 



Vcc o 



IC2a 
4069 



1N914 




25k, 



SENSiTIVITY 



C1 . 
470p- 



IC2b 
4069 




.Output 



R1 
2.2M 



/77 



Fig. 14-14 



Circuit Notes 

This touch switch does not rely on mains charges CI via the diode. IC2b 

1 fnr cu/itrhinor Tt r-^n Hn n«^H with hatt^t-v Ad&s*trtr VJhe-rt th** cpncnr 11 tn 



1 acts as a level 
nuiii iui owin.iuug.lL tan uc uscu wiw uauciy ueiecLui. vvncf > ' u "~ ' "'" '""" "'* * 

powered circuits. Schmitt trigger IC1 forms a cillator signal ... -,.., — 

100 kHz oscillator and IC2a which is biased into causes CI to discharge and IC2b to change 
the linear region, amplifies the output and -state. 
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LATCHING, DOUBLE BUTTON TOUCH SWITCH 



+ o- 



12 Vdc 



TOUCH ON 



r 



TOUCH OFF 



1 



#53 




LIGHT 
COUPLING 




J 



L14B 



Fig. 14-15 
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15 
Carrier Current Circuits 



1 he sources of the following circuits are contained in the Sources section beginning on page 730. The 
figure number contained in the box of each circuit correlates to the source entry in the Sources section. 



FM Carrier Current Remote Speaker 

System 
200 kHz Line Carrier Transmitter with 

On/Off Carrier Modulation 
Carrier Current Receiver 
Carrier Current Transmitter 



Carrier Current Transmitter 
Integrated Circuit Current Transmitter 
Single Transistor Carrier Current Receiver 
IC Carrier-Current Receiver 
Carrier-Current Remote Control or 
Intercom 
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Carrier System Transmitter 




CAPACITOR VAlUfS IN pF 
HESISTOH VALUES IN 11 
tJEUCT f OH MRRIEft FMO. 

f, C4 C 7 

SOOkHi II I860 



Carrier System Receiver 

FM CARRIER CURRENT REMOTE SPEAKER SYSTEM 

Circuit Notes 



High quality, noise free, wireless FM 
transmitter/receiver operates over standard 
power lines. Complete system is suitable for 
high-quality transmission of speech or music, 
and will operate from any ac outlet anywhere 
on a one-acre homesite. Frequency response is 
20-20, 000 Hz and THD is under Vi%. Trans- 



mission distance along a power line is at least 
adequate to include all outlets in and around a 
suburban home and yard. 

Two input terminals are provided so that 
both left and right signals of a stereo set may be 
combined for mono transmission to a single 
remote speaker if desired. 
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CAMCITSKV*taES!*FF 
HEMTOftMLUEgillll 
•SELECT FOR CARRIER FRIO, 
'• Cl C|] 

2WtHi IN IK 

tHkHi m in 



Fig. 15-1 

The receiver amplifies, limits, and de- 
modulates the received FM signal. It provides 



audio mute in the absence of carrier and 2.5 W 
output to a speaker. 
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CARRIER CURRENT RECEIVER 



11? V 
AC 



160 KHz POT CORE 
"TRANSFORMER 




H8V 



-^ OUT 



Fig. 15-3 

Circuit Notes 

160 kHz transformer consists of a 18 x 35 wire for the secondary and 5Vz turns for the 
11mm ungapped pot core (Siemens, Fer- primary. This gives a turns ratio of approxi- 
rocube, etc.), utilizing magnetics incorporated mateiy 15 to 1. 
type "F" materialwound with 80^4 turns of No. 
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CARRIER CURRENT TRANSMITTER 




VNG1Q4N2 J.W. M! LL£H *J0. 9Q&B 

SUBMINITUflE RFCQIL 

650 uH - l.3«iH 



\6V ZENER 



STANCOR 
Kj-^ , (CT! 



Operating-frequency. 160 kHz 



000ljF-L tt 

2 &v -T- <T i 



JT 




AC LINE 

-o 



V 



Fig. 15-4 



CARRIER CURRENT TRANSMITTER 



-♦ TOCOUPLEP 



B. =. 3. 1 S VCH.T BATTERIES IN SERIES 

Oi =SK3091 

Li = FEHR1TE ROD ANTENNA 

Oi =GE MORSK3003 

Si > SPST SWITCH 



OOlSwI 




Fig. 15-5 
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IC CARRIER CURRENT TRANSMITTER 



9V0C~ 




Ci-0.1>if 

C2- 0.01m' 

C3-250pf 

C4-0.1/1 

IO-555 

Li - 32mh ADJUSTABLE COIL 

Ri- 100 fltt WATT 

R2 - ■ 1 0OKft Vi WATTPOTENTI OMETER 

R3-75Kft'/2WATT 

Ra-IKOiVzWATT 

Qi-SK-3122(RCA) 

Cte-SK-3122(RCA) 



INPUT FROM 
TONE GENERATOR 



OUTPUT TO 
LINE COUPLER 



Fig. 15-6 



SINGLE TRANSISTOR CARRIER CURRENT RECEIVER 



"TO LINE COUPLER 



OVf 



i FERRITE 
\ LOOPSTICK 



SK3088 

— M 



.18x1 



if 



# 



730 pf 



•lOOOfi 



MO0K 




SK3003 



/h 



0.15jif 



if 



TO AMPLIFIER 



— 9VDC 

+ 



jr 



Fig. 15-7 
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INPUT O 



Fig. 15-8 



IC CARRIER-CURRENT RECEIVER 



C4 | 




C5 

! f 



1 [H-OOUTPUT 



TO OECODERS 



+ 9VDC 



C1 0.1 fiF, 600V PAPER CAPACITOR 

C2, C5 0:1 &, 50V MYLAR CAPACITOR 

C3 22nF, 35 VOLT ELECTROLYTIC 

CAPACITOR 

C4 0047 ^F25 VOLT CAPACITOR 

R1 20K POTENTIOMETER 

R2 2K.V4 WATT RESISTOR 

R3 4K,% WATT RESISTOR 

1C1 TYPE 567 TONE DECODER 



CARRIER-CURRENT REMOTE CONTROL OR INTERCOM 



+5 to 15V 



60Hz ac LINE 

o o 50-200Vrms 




AUDIO OUT 
(IF INPUT IS 
FREQUENCY 
MODULATED) 



IC = NE/SE567 



Fig. 15-9 
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Comparators 



1 he sources of the following circuits are contained in the Sources section beginning on page 730. The 
figure number contained in the box of each circuit correlates to the source entry in the Sources section. 



Null Detector 

Comparator with Variable Hysteresis 

Diode Feedback Comparator 

Undervoltage/Overvoltage Indicator 

Dual Limit Comparator 

High/Low Limit Alarm 

Window Comparator 

Window Comparator Driving High/Low Lamps 

Comparator with Time Out 

Noninverting Comparator with Hysteresis 

Inverting Comparator with Hysteresis 



Window Comparator 

Micropower Double-Ended Limit Detector 

Opposite Polarity Input Voltage Comparator 

Limit Comparator 

Comparator Clock Circuit 

Double-Ended Limit Comparator 

Limit Comparator 

Precision, Dual Limit Go/No Go Tester 

Comparator with Hysteresis 

High Impedance Comparator 

Comparator 
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COMPARATOR WITH VARIABLE 
HYSTERESIS (WITHOUT SHIFTING INITIAL TRIP POINT) 




E F 



Fig. 16-2 



Circuit Notes 



An operational amplifier can be used as a 
convenient.device for analog comparator appli- 
cations that require two different trip points. 
The addition of a positiverfeedback network 
introduces a precise variable hysteresis into 
the usual comparator switching action. Such 
feedback develops two comparator trip points 



.centered about the initial trip point or refer- 
ence point. The voltage difference, AV, be- 
tween the trip points can be adjusted by varying 
resistor R2. When the output voltage is taken 
from the.zener diode, as shown, it switches 
between zero and Vz, the zener voltage. 
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DIODE FEEDBACK COMPARATOR 

vcc? 



VlN 



1Mn<R3<10Mft 

— — — wv~ 



COMPARATOR 



iMn<R2<iowtn 

VWc 



VREF 




10mA 



Fig. 16-3 



Circuit Notes 



Parts list 

IC1— LM390Q 

D1— LED Lafayette 32P06331V 

D2— IN914 

Alt resistors 1/4W 

ri— ioon 

P>2— (See circuit) iMfl to lOMfl 
R3— (See circuit) 1MO to 10MI1 



This circuit can drive anLED display with 
constant current independently of wide power 
supply voltage changes. It can operate with a 
power supply range of at least 4V to 30 V. With 
10M resistances for R2 and R3 and the invert- 



ing input of the comparator grounded, the cir- 
cuit becomes an LED driver with very high 
input impedance. The circuit can also be used 
in many other applications where a controllable 
constant current source is needed. 



UNDERVOLTAGE/OVERVOLTAGE INDICATOR 



r ii di 




llOl 



LEO 
UNDERVOLTAGE 




Fig. 16-4 



0VEHV0LT4GE 



tftANSISTORS: MPS3704 



Circuit Notes 

This circuit will make the appropriate or above the value determined by zener diodes 
LED glow if the monitored voltage goes below Dl and D2. 
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R1 15 k 

o *wv- 



DUAL LIMIT COMPARATOR 



+15V 



Fig. 16-5 




diodes 1N914's 



-15V 



Circuit Notes 



This circuit gives a positive output when 
the input voltage exceeds 8.5 volts. Between 
these limits the output is negative. The posi- 
tive limit point is determined by the ratio of Rl ( 
R2, and the negative point by Ri, R3. The 



forward voltage drop across the diodes must be 
allowed for. The output may be inverted by 
reversing the inputs to the op amp. The 709 is 
used without frequency compensation. 



HIGH/LOW LIMIT ALARM 




Comp 2 Mi/Low 

Limit DeWctOi 



Fig. 16-6 



ViH 



R3 



R2 * H3 
" cc R1 * Ri ♦-H3 



U IL " V CC S! t BJ t R 3 

Oscillator 

If PA - B5 - B6 

f-O-75/HfC 

Ab Shown. f * 2.2 kHi 

« Will 0«illlT« If V| H < V„ •ri| l >l 

v„ Will B» Low If U||_ < Vj < V m 
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WINDOW COMPARATOR 



Vref (UPPER) 

o 



V IN 




Vref (LOWER 



<r 



V OUT 



Dt, D2 = 1N914 



/7777 



V IN 



^ 'vref 



Vref 

LOWER - UPPER 



Fig. 16-7 



This circuit gives an output (which in this 
case is OV) when an input voltage lies in be- 
tween two specified voltages. When it is out- 
side this window, the output is positive. The 
two op amps are used as voltage comparators. 
When Vin is more positive than Vref (upper) 
the output of ICi is positive and Dl is forward 



Circuit Notes 

biased. Otherwise the output is negative, Dl 
reverse biased and hence Vout is OV. Similarly, 
when Vin is more negative than Vref (lower), 
the output of IC2 is positive; D2 is forward 
biased and this Vout is positive. Otherwise 
Vout is OV. When Vin lies within the window 
set by the reference voltages, Vout is OV. 



WINDOW COMPARATOR DRIVING HIGH/LOW LAMPS 

-O+v 




TRUTH TABLE 



V|N 


High 


Low 


< 1/4 V + 
1MV+ to 3/4 V + 
> 3/4 V + 


Off 
Off 

On 


On 

Off 
Off 



Fig. 16-8 
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COMPARATOR WITH TIME OUT 



9 V cc 5:0 V - 14 V 



Comparator 
Input 



/> 



> — O- 

6 



V ref ^-O 

5 



MC1422 




1N4001 



Output 



V ref 

Comparator Input — —- 



Comparator Output ■ 



Fig. 16-9 



u 



Circuit Notes 



The MC1422 is used as a comparator with input (Pin 5). The frequency of the pulses for 
the capability of a timing output pulse when the the values of R2 and Cl as shown is approxi- 
inverting input (Pin 6) is 2» the noninverting mately 2.0 Hz, and the pulse width 0.3 ms. 



NONINVERTING COMPARATOR WITH HYSTERESIS 



vcc 
o 



R REF 




VREF 



V|N 



10k 



IC = LM35B 




R3 
-AAAr- 

1M 



-, — ov 



'REF : 



vcc R i 



H REF + R1 
R2 * R1//Rr EF 
Amount of Hytternii V M 
V H " n2 - n - < V 0m , x - V 0min ) 



Fig. 16-10 
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INVERTING COMPARATOR WITH HYSTERESIS 



'IN I 



'CC< 



'cc 



H3 

TOk 



R REF 



VnEF 1 " 




R2 

-wv- 



lOkf Rl 



MOk 



hi 0V 



Fig. 16-11 



u V CC R1 

V REF * „ ■ " ■ " ' " 



'REF ■ 



R1 



V H - 



R.3 =» HI // Rref'/ R1 

R1//Rref 



R1//RrEF + R2 



' v Omix - v Omin' 



WINDOW COMPARATOR 




3 k 



Comp 1 



13- 










_ 


AV 


AV 














1 





IC = MC3405 



Fig. 16-12 
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MICROPOWER DOUBLE-ENDED LIMIT DETECTOR 



v+ = 10 v 
p 



Fig. 16-13 




V^ = -LOW" WHEN: 

*HIGii ' "m > M.OW 
DIRECT CMOS OUTPUT 



Circuit Notes 

The detector uses three sections of an L144 and a DC4011 type CMOS NAND gate 
to make a very low power voltage monitor. If the input voltage, ViN,is above Vhigh or 
below Vlow, the output will be a logical high. If (and only if) the input is between the limits 
will the output be low. The 1 megohm resistors Rl, R2, R3, and R4 translate the bipolar 
±10V swing of the op amps to a to LOV swing acceptable to the ground-referenced 
CMOS logic. 



OPPOSITE POLARITY INPUT VOLTAGE COMPARATOR 

OV+ 



V|N1 O- 



100k a 



100k tt 
V IN2 O vW- 



I 



6.1k n 




-OVo 



Fig. 16-14 
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LIMIT COMPARATOR 



2Rs 

+VREF Ml O VW* 



*V|N 



2RS 
+VREF LOW O //V*- 




LED 



Fig. 16-15 



DOUBLE-ENDED LIMIT COMPARATOR 




f[>-2S0iiW 



VouT - "LOW" WHEN: 
V HISH * V 1N > v LOW 
DIRECT CMOS OUTPUT 



Fig. 16-17 



COMPARATOR CLOCK CIRCUIT 




LIMIT COMPARATOR 



V + (12V oc) 



2R$ 



'R€F HI' 



*"^H 



?S 390 pF 



Fig. 16-16 



^VREFLOW< 



Fig. 16-18 
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^PRECISION, DUAL 
LIMIT, GO/NO GO TESTER 




HIGH IMPEDANCE COMPARATOR 



vinO 



WIRED OR OUTPUT IS LOW 
WHEN EITHER LIMIT IS EX- 
CEEDED. 

OUTPUT IS HIGH WHEN IN- 
— ' PUT IS WITHIN LIMITS. 



Fig. 16-19 




-O VoilT 



IC-HA-262Q 

Harris Semiconductor 
Analog Data Book - 1B84 



Fig. 16-21 



COMPARATOR WITH HYSTERESIS 



V«fO-Wr-t 



R2 



V, M o- 




MCM03" 



COMPARATOR 

+15V 



Vo 



Voh 
Vo 

Vol 



HYSTEAESJS 



VlNIM) 



Vi 

V|N4H| 



R1 



(V0L-V BCF )tV|,EF 
(V0H-Vs EF |+V MF 




REFERENCE -15V 



IN916 l;270e 



Fig. 16-20 



Fig. 16-22 

Circuit Notes 

An operational amplifier is used as a com- 
parator which is capable of driving approxi- 
mately 10 logic gates. 
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Converters 



1 he sources of the following circuits are contained in the Sources section beginning on page 730. The 
figure number contained in the box of each circuit correlates to the source entry in the Sources section. 



Picoampere-to-Frequency Converter 

BCD-to-Analog Converter 

Resistance -to- Voltage Converter 

Low Cost, ju.P Interfaced, Temperature- 

to -Digital Converter 
Hi-Lo Kesistance-to-Voltage Converter 
Current-to- Voltage Converter 
Calculator-to-Stopwatch Converter 
Power Voltage-to-Current Converter 
High Impedance Precision Rectifier for 

Ac/Dc Converter 
Wide Range Current-to-Frequency Converter 
Ac-to-Dc Converter 

Current-to -Voltage Converter with 1% Ac- 
curacy 



Polarity Converter 

Vo!tage-to-Current Converter 

Wideband, High-Crest Factor, RMS-to-Dc 
Converter 

Light Intensity-to -Frequency Converter 

Ohms-to- Volts Converter 

Temperature-to-Frequency Converter 

Multiplexed BCD-to-Parallel BCD Con- 
verter 

Fast Logarithmic Converter 

Sine Wave-to-Square Wave Converter 

Self Oscillating Flyback Converter 

TTL-to-MOS Logic Converter 

Picoampere-to-Vo!tage Converter with 
Gain 
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PICOAMPERE-TO-FREQUENCY CONVERTERS 



IN 

liuA 
FULL- 
SCALE 




10k \im 

■vw- 




as 



t ' "1 

*■"" T ~" T — ""^ 01. 02, 05 - 2N3B08, 2N42S0 or similar 

1 t ' 03,04- MEM9S1, M106, or similar. Sae text 

KMp Ol, Q2 and LM334 at the sam* ttmparatuia 



-sv 



Fig. 17-1 
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BCD-TO-ANALOG CONVERTER 



Fig. 17-2 



POSITIVE 
+10 V— ^ SUPPLY 

-wv-o 



BZY83 1QV 




Circuit Notes 



This circuit will convert four-bit BCD. into 
a variable voltage from 0-9 V in 1 V steps. The 
SN74141 is a Nixie driver, and has ten open- 
collector outputs. These are used to ground a 
selected point in the divider chain determined 
by the BCD code at the input, and so produce a 



corresponding voltage at the output. Accuracy 
of the circuit depends on the tolerance of the 
resistors and the accuracy of the reference vol- 
tage. However, presets can be used in the di- 
vider chain, with correct calibration. The 741 is 
used as a buffer. 
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RESISTANCE-TO- VOLTAGE CONVERTER 



vsef 
o 



[RANGE RESISTOR) 



X IUNKNOWNI 



L 




to vm (loin) 

12.000 V SCALE) 



Cl.SjiF 




RANGE 


HANGE RESISTOR 


MO it 


ais.zn 


2KS1 


•.102-Kn 


20 KJ! 


81.92 Ktl 


200 Kit 


6WKn 


2Mn 


B.S1 MS! 


20 Ml! 


1*3 MCI 



JVref 

TOVref input 
IID1111 



Fig. 17-3 



Circuit Notes 

Circuit will measure accurately to 20 M when associated with a buffer amplifier (AD 
"having a low input bias current (I IN ) < 30 nA). The circuit uses two of the three amplifiers 
contained in the Siliconix L144 micropower triple op amp. 



LOW-COST, ixP INTERFACED, 
TEMPERATURE-TO-DIGITAL CONVERTER 




Fig. 17-4 
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HI-LO RESISTANCE-TO-VOLTAGE GONVERTER 



RX jMOk 

lUNKNQWNi J 



1M!i 

-v\AA~ 



TO 
k-OVM 
INPUT 



Zl 



RAN8E 
SELECTOR 



VlN • l«H ' KX 

VlN ■ Iwglt ■ ^ — 

"Ml" OHMS] 



nngi 
RX 



ViN'0.1 Voll 5- 



/VSft ^W — »- 




Fig. 17-5 



"1" WHEN 

:.w»v 



HI ~ 



TO DVW 

-». GAIN 



"1" WHEN 
2O0.0rnV 



, hl/LO 
3 LOGIC 



CURRENT-TO- VOLTAGE CONVERTER 



+12 V 

ci 9 



-WV- 




,TOV, N aDlll) 
' (MO mV RANOe) 



Circuit Notes 

Converter features eight decades of cur- 
rent range. The circuit is intended to be used 
with the 200.0 mV range of a DVM. 



CURRENT 

RANGE 

200 nA 

2*1A 

20JJA 

200 PA 

JmA 

30 mA 

200 mA 

2A 



*1 

500 KH 

sokJJ 
BKfi 
i kO 

50 Kil 

sokO 

SOKfi 

so itn 



500 Kll 

so i<n 





.0 





.o 




5.0 K 
5.0 K 
SDK 
5.0 K 



too n 

i.o n 

i n 

oi n 



Fig. 17-6 



162 



The Real Muslims Portal 



RMPInternational.TK 



CALCULATOR-TO-STOPWATCH CONVERTER 



Ve EXISTING SUPPLY 




Fig. 17-7 



-Ve EXISTING SUPPLY 

Circuit Notes 

This circuit can be "fitted to any calculator existing calculator battery via the push-on 
with an automatic constant to enable it to be push-off switch and the existing calculator on- 
used as a stop-watch. The 555 timer is set to off switch, 
run at a suitable frequency and connected to the 

POWER VOLTAGE-TO-CURRENT CONVERTER 



"3 

■ — vw 



V|M< 




Circuit Notes 

Low cost converter is capable of supplying 
constant ac currents up to 1 A over variable 
.loads. 



Fig. 17-8 
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HIGH IMPEDANCE PRECISION RECTIFIER FOR AC/DC CONVERTER 



+ 12 V 
O 



T300 



0.0025 jiF 

O — -j 



AC INPUT 

Ota 200 mV (RMS) | 



Fig. 17-9 





40 Hi to 15 KHz 



WIDE-RANGE CURRENT-TO-FREQUENCY CONVERTER 



CURRENT 

OFFSET 

ADJUST 

IU 

V + _A>-u\l— V 



GAIN 
ADJUST 



/ 6.81k *!S 

[— y& — -WSr-t' 




ha 

200 ItA 
FULL- 
SCALE 



o 




<=F 
0.02 | 



*T > >Mfc 



C T 

B.01(# 



*— »> 



<=F 
0.02 jiF 



FREQUENCY 
OUTPUT 
10t Hi 
FULL SCALE 



3.31 




D1, 02 - 1N4S7, 1N484, or similar low-leakage planar diode 



Fig. 17-10 
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r 



ZERO 

ADJUST 

12V 
? 



"1 
3.9 K 



°1 
3N164 



r o-^Jfte, 



"8 

24 K 



Cl 

B«F 



■ c 2 



«2-; 

IS K S 



AC-TO-DC CONVERTER 



24 K 



"5 
24 K 1% 

—Wv— 



CAIN ADJUST 




Fig. 17-11 



Circuit Notes 

This circuit includes a PMOS enhancement-mode FET input buffer amplifier, 
coupled to a classical absolute value circuit which essentially eliminates the effect of the 
forward voltage drop across diodes Dl and D2. 

CURRENT-TO-VOLTAGE CONVERTER WITH 1% Accuracy 

lOOpF tPOLYSTVAtNE] 

II 



x" 



0© i 



Hh a 




Fig. 17-12 



6 4 

-16¥ +JSV 

IC = NE/SE55/1 
(Sensitivity: 1 Volt per Microamp) 



Circuit Notes 

A filter removes the dc component of the rectified ac, which is then scaled to RMS. 
The output is linear from 40 Hz to 10 kHz or higher. 



165 



The Real Muslims Portal 



RMPInternational.TK 



POLARITY CONVERTER 



+ 10V 



15K. 



SK 
r-WV 



2k 



Oil 



GND 
O— 



SK. 



^h 



5K 



i 



VlN 



INV 
N.I. 
VREF 

"t 

Ct 

osc. 



ea 

Cb 

eb 

Cl+ 
Cl 



SH.DN. COMP 
GND 



IN916 



^ l 20«t IN916 

HH-W-^ 

, 20 mA 



INS 16 



SOuF 



2 + 



Fig. 17-13 






GND 
— O 



Circuit Notes 



The capacitor-diode output circuit is used 
here as a polarity converter to generate a - 5 
volt supply from +15 volts. This circuit is use- 
ful for an output current of up to 20 mA with no 
additional boost transistors required. Since the 



output transistors are current limited, no addi- 
tional protection is necessary. Also, the lack of 
an inductor allows the circuit to be stabilized 
with only the output capacitor. 



VOLTAGE-TO-CURRENT CONVERTER 




Circuit Notes 

The current out is lour— Vm/R- For nega- 
tive currents, a PNP can be used and, for better 
accuracy, ^a Darlington pair can be substituted 
for the transistor. With careful design, this cir- 
cuit can be used to control currents of many 
amps. Unity gain compensation is necessary. 



Fig. 17-14 
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WIDEBAND, HIGH-CREST FACTOR, RMS-TO-DC CONVERTER 



input 

•WRMSPS 

i 18V Ft Alt 



-VW- 



MATCHED TO e«s* 

-WV a — «wvs — 



a nus* oc 



-li-t 






-*» 




tr 



M* a II 



-\W- 



ISnF 90LID Ta 

— w 



■A* o*itv 



"Wr 



-OUTPUT 

»TO»SV 



CALIBRATION PROCEDURE: 

WITH" MODE' SWITCH IN 'RMS * OC' POSITION. APPLY AN INPUT OF tLOOVOC. ADJUST 
ZERO UNTIL OUTPUT READS SAME AS INPUT. CHECK FOR INPUTS OF *10V; OUTPUT 
SHOULD BE WITHIN ±9.08% (fcaV). 

ACCURACY IS MAINTAINED FROM «OHl tc lOOkHl, AND IS TVPICALL V HIGH SV 
««% AT IMHt FOR V«| - 4V RMS (SINE. SQUARE OR TRIANGULAR WAVE I. 

PROVIDED THAT THE PEAK INPUT IS NOT EXCEEDED, CREST FACTORS UP TO AT 
LEAST TEN HAVE NO APPRECIABLE EFFECT ON ACCURACY. 

INPUT IMPEDANCE IS ABOUT 10M1; FOR HIGH HOMO) IMPEDANCE. REMOVE MODE 
SWITCH AND INPUT COUPLING COMPONENTS. 

FOR GUARANTEED SPECIFICATIONS THE ADS3SA AND ADS3S IS OFFERED 
AS A SINGLE PACKAGE RMS-TO-DC CONVERTER. 



Fig. 17-15 



LIGHT INTENSITY-TO-FREQUENCY CONVERTER 




<0UT«* 

i * ileum 

FULL-SCALE 



Fig. 17-16 



"L14F-1, L14G-1 or L14H-1, photo transistor (Gensral Etectric Co.) or similar 
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OHMS-TO- VOLTS CONVERTER 




1V 



R LADDER 



x R> 



from switch SI pola to pin 7 of tha LF353 



*-W»-n 

w-T L 



35k 



Fig. 17-17 



TEMPERATURE-TO-FREQUENCY CONVERTER 



i +*.SVTQ*20V 

f 



l.t V U K 






V* 



it«F 3t 



HUH/ 
LWU4 





LM331 



4— I 



i»im 



*■ 



- Z2h 



"*■ <0UT o TEMP 
JJU.1KR, '•Hi/'K 



-X.C, 
'- 0.01 «F 



Fig. 17-18 
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MULTIPLEXED BCD-TO-PARALLEL BCD CONVERTER 



Mil LTIPIEXED BCD INPUT 



PARALLEL BCD OUTPUT 



0<O— -^ 




D ,0 £j* 

83 O ^O-VSAr- 



10 ^~ 



XO p»-SVr 



1* ,J 



H^rj 



7d75 QUAD LATCH 



— O BIT 4 1 



£5-4^- 



> DIQIT2 



Circuit Notes 

Converter consists of four quad bistable 
latches activated in the proper sequence by the 
digit strobe output of the LD110. The com- 
plemented outputs (Q) of the quad latch set 
reflects the state of the bit outputs when the 
digit strobe goes high. It will maintain this 
state when the digit strobe goes low. 



2 tG 



1— 



J747B.CWAD LATCH 



J- D Q _l_ 



o a 

I 



-O 8IT« ^ 



E^ 



C-Id a I o bit i 

" F ^r L! -U M » Q"*p latch 



Fig. 17-19 



FAST LOGARITHMIC CONVERTER 




r r2"|»t r R r -\ 1 

~R2 - 15.71, Ri - 1k. 0.3%*C ffttr temperature compensation' 



Dynamic range: IM^A < I. < 1mA 15 decades, IV©* : 
Transient response: 3^s fpf A. - decades 
Ci. C2, R2. R3: added dynamic compensation 
Vcs adjust Ihe LF356 to minimise quiescent error 
R T : Tei Labs type C-31 + 0.3%/" C. 



iv/Oecades) 



Fig. 17-20 
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SINE WAVE-TO-SQUARE 
WAVE CONVERTER 




i_n 



Vss 



n (v„*v„> 



TTL-TO-MOS LOGIC CONVERTER 



Fig. 17-21 

Circuit Notes 

The sine input is ac coupled by capacitor 
C; Rl and R2 bias the input midway between Vn 
and V P> the input threshold voltages, to provide 
a square wave at the output. 




vref c 

CM.4V DC ) 



Fig. 17-23 



12V 



DC ~±? 



SELF OSCILLATING 
FLYBACK CONVERTER 



PICO AMPERE-TO- VOLTAGE 
CONVERTER WITH GAIN 



ISKli 

-vwv- 




Ji*» 



► 0.6W 



'O.ljjF 
1M14S 



r 



-O -6 V OUTPUT 



7lN4148_10uF 



± _L 



I 




Fig. 17-22 



Circuit Notes 



A low-power converter suitable for de- 
riving a higher voltage from a main system rail 
in an onboard application, With the trans- 
former shown, the operating frequency is 250 
kHz. Zl serves as a dissipative voltage reg- 
ulator for the output and also clips the drain 
voltage to a level below the rated VMOS 
breakdown voltage. 



E --1mV/pAxn ♦ 5j> 
n 2 



Fig. 17-24 
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Crossover Networks 



Jl he sources of the following circuits are contained in the Sources section beginning on page 730. The 
figure number contained in the box of each circuit correlates to the source entry in the Sources section. 

Active Crossover Network Third Order Butterworth Crossover 

Asymmetrical Third Order Butterworth Network 

Active Crossover Network 
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ACTIVE CROSSOVER NETWORK 



3pF 



f c = 500 Hz 
GAIN = Qd8V 




C C 

— >l — r — >*" 



C«i 0.0082). 



c 
HI- 

0.015i. 



R 2 ^ "4 

1.06k < 9.33k 




e H 





100 Ik TDh 

FREQUENCY (Hz) 



Fig. 18-1 
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ASYMMETRICAL THIRD ORDER 
BUTTERWORTH ACTIVE CROSSOVER NETWORK 



• MISMATCH BETWEEN Rg AND Rg CORRECTS 
FDR GAIN ERflOfl OF HIGH PASS DUE TO 
CAPACITOR TOltRANCJS. 


















111 


1 


II 


















1~" 


: 


'■■ 


















1 






c 


-It 

•m/0CTAvf. 








III -* Hill 
JI/OCTAVE. 


30 




























1 








1 











































10 100 Ik 10k Iflfli 

FREQUENCY m> 



Fig. 18-2 



THIRD ORDER BUTTERWORTH CROSSOVER NETWORK 



if f If ' l— H 




R| N = IR 



>ZR 

R < R 




c ! ~ c « 



I I Jl 



2rCjR2FHR7 



HI — + 




Fig. 18-3 



c 4! 



2»t 6 iR 

2.IW9 

, l1M1 



•J- 

H7' 



2.lo«C 
0,«7« 
2.I0HC 



«»'OMC 



■PL _ -1 

■IN SltZSi+IS-M 



»Ol 



Zir itv^ciCiC; 

Di - 0.717. A, - -1 
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Crystal Oscillators 



.1 he sources of the following circuits are contained in the Sources section beginning on.page 730. The 
figure number contained in the box of each circuit correlates to the source entry in the Sources section. 



High Frequency Crystal Oscillator 

Overtone Crystal Oscillator 

Overtone Crystal Oscillator 

TTL Oscillator for 1 MHz-10 MHz 

Crystal Checker 

96 MHz Crystal Oscillator 

Simple TTL Crystal Oscillator 

Crystal Oscillator 

Overtone Crystal Oscillator 

Schmitt Trigger Crystal Oscillator 

50 MHz-150 MHz Overtone Oscillator 

Fifth Overtone Oscillator 

Crystal Controlled Butler Oscillator 

Overtone Oscillator with Crystal Switching 

Crystal Oscillator 

Crystal Oscillator/Doubler 

Low Frequency Crystal Oscillator 

Crystal Oscillator 

100 kHz Crystal Calibrator 

Third Overtone Crystal Oscillator 

Crystal Checker 

CMOS Crystal Oscillator 

Temperature-Compensated Crystal Oscil- 
lator 

Crystal Controlled Transistor 
Oscillator 



Pierce Harmonic Oscillator 

Colpitts Harmonic Oscillator 

International Crystal OF-1 LO Oscillator 

Butler Emitter Follower Oscillator 

Colpitts Harmonic Oscillator 

Butler Emitter Follower Oscillator 

Butler Common Base Oscillator 

Pierce Harmonic Oscillator 

Tube Type Crystal Oscillator 

Precision Clock Generator 

Miller Oscillator 

Butler Emitter Follower Oscillator 

Colpitts Oscillator 

Crystal-Controlled Oscillator 

Pierce Oscillator 

Butler Aperiodic Oscillator 

Parallel-mode Aperiodic Crystal Oscillator 

International Crystal OF-1 HI Oscillator 

Standard Crystal Oscillator for 1 MHz 

TTL-Compatible Crystal Oscillator 

Crystal Controlled Sine Wave Oscillator 

Crystal Oscillator 

Stable Low Frequency Crystal Oscillator 

JFET Pierce Crystal Oscillator 

CMOS Oscillator 

Pierce Harmonic Oscillator 



174 



The Real Muslims Portal 



RMPInternational.TK 



HIGH FREQUENCY CRYSTAL OSCILLATOR 



7-36 pF 



200 MHz 




Rp typical 510 ft to V EE or 50 II to -2.0 Vdc 



Fig. 19-1 



Circuit 

One section of the MC10101 is connected 
as a 100 MHz crystal oscillator with the crystal 
in series with the feedback loop. The LC tank 
circuit tunes the 100 MHz harmonic of the 
crystal and may be used to calibrate the circuit 
to the exact frequency. A second section of the 
MC 10101 buffers the crystal oscillator and 
gives complementary 100 MHz signals. The 



Notes 

frequency doubler consists of two MC10101 
gates as phase shifters and two MC 1662 NOR 
gates. For a 50% duty cycle at the output, the 
delay to the true and complement 100 MHz 
signals should be 90°. This may be built pre- 
cisely with 2.5 ns delay lines for the 200 MHz 
output or approximated by the two MC10101 
-gates as shown. 
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OVERTONE CRYSTAL OSCILLATOR 



Cl J/ 



pF / 



C 3 J_ 

,1uF 



HDh 



3-35SP 



FREQUENCY RANGE: 





In MC10116 



SO MHz to 100 MH;, Dapandant on 
Cryttai Fraquancy and Tank Tuning 



-O OUT 




| 



R. 



-O.OUT 



Vgg is ■ - 1.3 VoJt Supply Obtalnad by 
Ona ol tha Following Mathedi- 

(A) imarnal Vgg Supply 

(S) Gate V SB Supply 



•0.33 *iH for 50-100 MHi 
1.0 (JH for 20-50 MHz 

Rp » 510 fl to V EE or 60 tJ to V! 



4> 



-O^BB 



jfc: o.ooi w f 



:"* 



Fig. 19-2 



This circuit employs an adjustable reso- 
nant tank circuit which insures operation at the 
desired crystal overtone. CI and LI form the 
resonant tank circuit, which with the values 
specified as a resonant frequency adjustable 
from approximately 50 MHz to 100 MHz. Over- 
tone operation is accomplished by adjusting the 



Circuit Notes 

tank circuit frequency at or near the desired 
frequency. The tank circuit exhibits a low im- 
pedance shunt to off-frequency oscillations and 
a high impedance to the desired frequency, 
allowing feedback from the output. Operation 
in this manner guarantees that the oscillator 
will always start at the correct overtone. 
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OVERTONE CRYSTAL OSCILLATOR 



C3 
10pF 



X* 



L1 




^ fl_2 OUTPUT 



5 P F **—£ 



-0+ 12VDC 



^r^ C4 

/^ .01 



Fig. 19-3 

Circuit 

The crystal element in this circuit is con- 
nected directly between the base and ground. 
Capacitor Cl is used to improve the feedback 
due to the internal capacitances of the transis- 
tor. This capacitor should be mounted as close 
as possible to the case of the transistor. The LC 
tank circuit in the collector of the transistor is 
tuned to the overtone frequency of the crystal. 
The emitter resistor capacitor must have a 
capacitive reactance of approximately 90 ohms 



Notes 

at the frequency of operation. The tap on induc- 
tor Ll is used to match the impedance of the 
collector of the transistor. In most cases, the 
optimum placement of this tap is approximately 
one-third from the cold end of the coil. The 
placement of this tap is a trade-off between 
stability and maximum power output. The out- 
put signal is taken from a link coupling coil, L2, 
and operates by transformer action. 
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CRYSTAL CHECKER 

PUSH BUTTON 




t 3-9V 
i BATTERY 



Fig. 19-4 



Circuit Notes 

Use this circuit for checking fundamental oscillates, Q2 conducts and the LED lights. A3 

HF crystals on a 'Go-No-Go' basis. An untuned or 6V, 40mA bulb could be substituted for the 

Colpitts oscillator drives a voltage multiplier LED. 
rectifier and a current amplifier. If the crystal 



TTL OSCILLATOR FOR 1 MHz-10 MHz 




OUTPUT 
o 



NOTES: 

1. C2 = 1/f x 10-*, (f IS IN HZ) 
PREVENTS SPURIOUS FREQUENCY 

2. ICs ARE 7400/7404 
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96 MHz CRYSTAL OSCILLATOR 



X 



9 96 MH 

dz .001 



Hz OUTPUT 
001 Hooi u 



6,8 p 



+ 6 So +9 V REG 

-O 



tn 



nrn 



47p 




62 p 



« p 



JYpX 



39 p 



680 S C 



LI, 4 mm former, F29 Slug (Neosid AZ assembly) 
30 turns .4 mm enamel wire 

L2.L3 7300 CAN TWO 722/1 FORMERS F29 SLUGS 
(Neosid double assembly) 12 turns 63 mm enamel 



Fig. 19-6 



Circuit Notes 

By using a crystal between 27.5 and 33 MHz, the 3rd harmonic will deliver between 
82.5 and 99 MHz. 



SIMPLE TTL CRYSTAL OSCILLATOR 



R1 
220R 



R2 
560R 




2 R3 

220 R 



R4 
1k8 



1/6 
7404 




•-• 



# 



"0UtTuT 



CRYSTAL 

(to suit) 

Fig. 19-7 

Circuit Notes 

This simple and cheap crystal oscillator their linear regions by Rl to R4, andthe crystal 
comprises one third of a 7404, four resistors provides the feedback. Oscillation can only 
and a crystal. The inverters are biased into occur at the crystals fundamental frequency. 
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CRYSTAL OSCILLATOR 



■390k 




01 
.100 ullo 



[24k 



j- Pj^ pMj 



I 

T 



\RFCI 
i 2.SmH 



O.Ol > 390 



IOOO% 



m 



X 



O.Ol 



Circuit Notes 




.01 

3r 



Fig. 19-8 



*■ 

OUTPUT 



£ 



9 VOLTS 

JT' 



Stable VXO using B- or 8-MHz crystals uses a capacitor and an inductor to achieve 
frequency pulling on either side of series resonance. 



OVERTONE CRYSTAL OSCILLATOR 



,, fit OUT 

tHH-° 




Fig. 19-9 



Circuit Notes 

This design is for high reliability over a wide temperature range using fifth and 
seventh overtone crystals. The inductor in parallel with the crystal causes antiresonance 
ot crystal U to minimize loading. This technique is commonly used with overtone 
crystals. 
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SCHMITT TRIGGER CRYSTAL OSCILLATOR 

SCHMITT TRiGGER OSCILLATOR UP TO 10 MHZ 



0.1 



2 k 



n 




1.5 k 



Y1 



-vw- 

2 k 



•-yi)~ 



C2 



1.5 k 



7414 



n 




-O OUTPUT 



Fig. 19-10 



m mm 

NOTE: C2 = 1/1 x 10 * 11 IS IN HZ) - PREVENTS SPURIOUS FREQUENCY 



Circuit Notes 



A Schmitt trigger provides good squaring of the output, sometimes eliminating the 
need for an extra output stage. 



50 MHz- 150 MHz OVERTONE OSCILLATOR 

' o +5 TO 12 Vdc 



L1 X L - 100 C3 




-O OUTPUT 
SINE WAVE 



-O VOLTS 
NOTES: 

1. Y1 IS AT CUT OVERTONE CRYSTAL. 

2. TUNE L1 AND C2 TO OPERATING FREQUENCY 

3. L2 AND SHUNT CAPACITANCE, CO. OF CRYSTAL (APPROXIMATELY 6pF) 
SHOULD RESONATE TO OSCILLATOR OUTPUT FREQUENCY (L2 = .5 ^H AT 90 
MHZ). THIS IS NECESSARY TO TUNE OUT EFFECT OF-CO. 

4. C3 IS VARIED TO MATCH OUTPUT. 



Fig. 19-11 
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FIFTH-OVERTONE OSCILLATOR 



57.6 MHZ 

-• 



™ 57.6 MHZ j RFC1 _,_ 

3 4.7jiH <470 -p 180 



m 



-O OUTPUT 






BFC2 ; 

4.7 ,<H i 



/77 



,— 1 

_L ooi _L 

J /77 



Fig. 19-12 



Circuit Notes 

This circuit isolates the crystal from the dc base supply with an rf choke for better 
starting characteristics. 



CRYSTAL CONTROLLED BUTLER OSCILLATOR 




Fig. 19-13 



Circuit Notes 

A typical Butler oscillator (20-100 MHz) uses an FET in the second stage; the 
circuit is not reliable with two bipolars. Sometimes two FETs are used. Frequency is 
determined by LC values. 
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OVERTONE OSCILLATOR WITH CRYSTAL SWITCHING 




<="•«# 45MHZXTALS ^ 

Hlhr ^~ 



_)(_ 



LI - ie TURNS 
NO. 24 ON3/'6 
PHENOLIC FORM 

a/8" lg 

TAP t ~ 2 TURNS 
FROM LOW ENO 

TAP 2-4 TURNS 
FROM LOW END 




Circuit Notes 

The large inductive phase shift of LI is 
compensated for by CI. Overtone crystals have 
very narrow bandwidth;.therefore, the trimmer 
has a smaller effect than for fundamental -mode 
operation. 



Fig. 19-14 



CRYSTAL OSCILLATOR 




+12 Vdc 



2 - 20 MHZ 



Fig. 19-15 



rn 



Circuit Notes 

The crystal is in a feedback circuit from 
collector to base. A trimmer capacitor in series 
shifts the point on the reactance curve where 
the crystal operates, thus providing a fre- 
quency trim. The capacitor has a negative reac- 
tance so the crystal is shifted to operate in the 
positive reactance region. 
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CRYSTAL OSCILLATOR/DOUBLER 



+ 12 VO- 



JTTT1 



10 RF'OUT 
36 MHZ 



■ C1 17 - 24 



FUNDAMENTALS* 13 MHZ 



AUDIO f^pp. i 

10 k 15 ^ H 




470 




Fig. 19-16 



m C2 
iMV2104 



rii 



Circuit Notes 

The crystal operates into a complex load at series resonance. Ll, CI, and C2 
balance the crystal at zero reactance. Capacitor CI fine-tunes the center frequency. Tank 
circuit L2, C3 doubles the output frequency the circuit operates as an FM oscillator- 
doubler. 

LOW-FREQUENCY CRYSTAL OSCILLATOR 

mAh ot tnpteHuK* *» In mtore>> 
ttnttt btFk olhtn in In pteoto- 

trfifafj mlttantm #rt In atom, 
t - i.wo m - i,«nnw 




* )\ o»>-»«j«f Circuit Notes 

This crystal-oscillator circuit uses a 455-kHz 
crystal. 



p/« 



'Do not typai* tmittv 
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CRYSTAL OSCILLATOR 




Fig. 19-18 



Circuit Notes 

This circuit provides reliable oscillation and an output close to one volt peak-to- 
peak. Power consumption is around 1 mA from -a. nine volt supply, 

100 kHz CRYSTAL CALIBRATOR 



(-) 9-12 (+) 
* K 



X 



VDC 



R2 
470K 



:&k 



C4 
47pF 




Q1 
2N2222 



# 



Cl 
1500 

%330^SC3 



PF 



Y1 
lOOkHzT 



OUTPUT 

o 



75 pF 



Circuit Notes 

This circuit is often used by amateur radio 
operations, shortwave listeners, and other 
operators of shortwave receivers to calibrate 
the dial pointer. The oscillator operates. at a 
fundamental frequency of 100 kHz, and the 
harmonics are used to locate points on the 
shortwave dial, provided that the output of the 
calibrator is coupled to the antenna circuit of 
.the receiver. The crystal shunts the feedback 
voltage divider, and is in series with a variable 
capacitor (C3) that is used to set the actual 
operating frequency of the calibrator. 



Fig. 19-19 
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THIRD-OVERTONE CRYSTAL OSCILLATOR 



tro 



o 



470 

-AAi^— 



H^ 






■7WV 



Fig. 19-20 

Circuit Notes 

This circuit uses a 74S00 Schottky TTL gate; no inductors are required. 



CRYSTAL CHECKER 



+12v, 




Circuit Notes 

This circuit is a simple Pierce oscillator 
with an LED go/no go display. Checker works 
best with crystals having fundamental frequen- 
cies in the seven to eight megahertz range. 



Fig. 19-21 
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CMOS CRYSTAL OSCILLATOR 



Fig. 19-22 




| NOR 
/4001 

Rt 

22Mfl 
-wv — 




NOR 
4001 



■O OUTPUT 



Y1 



C1 

22pF 



ft! 



R2 
22KO 



^40pF 
(max) 

rt? 
Circuit Notes 



This circuit has a frequency range of 0.5 MHz to 2,0 MHz. Frequency can be 
adjusted to a precise value with trimmer capacitor C2. The second NOR gate serves as an 
output buffer. 



TEMPERATURE-COMPENSATED CRYSTAL OSCILLATOR 



m 



.05 



CRYSTAL 
f \\\ 





•+5V DC 



470 



-^OUTPUT 



TR 

Parts tor a 5 

MHz AT-cut crystal 

C = 3-8 pF NPO 

(fine-lrequency trimmer) 

C2=4-24 pF N500 (temperature 

compensating) 

C3=8-48 pF N1500 (temperature 

compensating) 

C4=120 pF silver mica 



-% 



GND 



Fig. 19-23 



Circuit Notes 

Two different negative-coefficient capacitors are blended to produce the desired 
change in capacitance to counteract or compensate for the decrease in frequency of the 
"normal" AT-.cut characteristics. 
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CRYSTAL-CONTROLLED, TRANSISTOR OSCILLATOR 

R2 33K 
WV 



Yia 

I 




El 10 _°T 



pF 



C2 



rn rin 



100pF>R3 I 0.01 

I /~77 ^100 

R4 



jn 



+ 

9 TO 12 V 



L1 



Fig. 19,24 



PIERCE HARMONIC OSCILLATOR (20 MHz) 



c, 

270 



+ 5V 



C 10 ° 



XTAl 
C, 20MHz(3H) 



OSVpp 



1540 R, « 14 < 



pf 



+ 5V 

IK 

■ 



<39K 



MTM3960 



IN t 



+ 5V 



b 






2N3W4 



Bulltr 



Fig. 19-25 



Circuit Notes 

This circuit has excellent short term frequency stability because the external load 
tied across the crystal is mostly capacitive rather than resistive, giving the crystal a high 
in-circuit Q. 
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COLPITTS HARMONIC OSCILLATOR (100 MHz) 



+ SV 



+ SV 



I 



IN4148 - . 



390 
1.2VDC 



130K 
-VSA-f 



" XTAL CZI 
20 MHz -r 
(3H) 




Q6.V pp 



Buffer 



Fig. 19-26 



Circuit Notes 



L1C1 are selected to be resonant at a 
frequency below the desired crystal harmonic 
but above the crystal's next lower odd har- 
monic. C2 should have a value of 30-70 pF, 
independent of the oscillation frequency. 
There is no requirement for any specific ratio 



of C1/C2, but practical harmonic circuits seem 
to work best when CI is approximately 1-3 
times the value of C2. Diodes D1-D3 provide a 
simple regulated bias supply.The resistance of 
Rl should be as high as possible, as it affects 
the crystal's in-circuit Q. 



INTERNATIONAL CRYSTAL OF-1 LO OSCILLATOR 



+ 12 V 



T 



01 



r 



C3 30 pF ;±; 



47 k 



C1~ 



Ck-±Z 



■100 




'680 



-O OUTPUT 



.001 



FREO. 



2-15 MHz 
4-22 MHz 



CI 



470 pF 
220 pF 



C2 



470 pF 
220 pF 



rh 

Fig. 19-27 

Circuit Notes 

International Crystal OF-1 LO oscillator circuit for fundamental-mode crystals. 
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BUTLER EMITTER FOLLOWER OSCILLATOR {100 MHz) 



H4 



D5 



+ 5V 




IN5711 
ID6 



w 



R1 1K 

-VWr 



L1 .12 ^H 

l_nnnn — l 



■CI. 



C2. 
33 pF' 



+ 5 V 



<* 



MRF904 Q1 



.1 



XTAL 



8.15 pF7 - 100 MHz (5H) 






R e =40 



Z 
= 25 



+ 5 V 



-1.9 Vdc 



'100 



.41 fih 




e = o.eypp 



Buffer 
Fig. 19-28 

Circuit Notes 

This circuit has good performance without amplifier has a gain of only one with built-in 
any parasitics because emitter follower negative feedback to stabilize its gain. 



COLPITTS HARMONIC OSCILLATOR (BASIC CIRCUIT) 




Circuit Notes 

This circuit operates 30-200 ppm above 
series resonance. Physically simple, but 
analytically complex. It is inexpensive with fair 
frequency stability. 



Fig. 19-29 
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BUTLER EMITTER FOLLOWER OSCILLATOR (BASIC CIRCUIT) 



+ V 



L1 

JTYTL 



+ v 



Hr 



C1 



«2C1 



<< 



^tte 



XTAL 

♦ — 1D1 — • — ► 



Circuit Notes 

This circuit operates at or near series 
resonance. It is a good circuit design with no 
parasitics. It is easy to tune with good fre- 
quency stability. 



~ Fig. 19-30 



BUTLER COMMON BASE OSCILLATOR (BASIC CIRCUIT) 



+ V 



^c* 



+ V 



l „ 



U 



;C1 



< 



c~ 



XTA 



Circuit Notes 

This circuit operates at or near series 
resonance. It has fair to poor circuit design with 
parasitics, touch to tune, and fair frequency 
stability. 



Fig. 19-31 
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PIERCE HARMONIC OSCILLATOR (BASIC CIRCUIT) 

+ V 



JL1 



+ V 



XTAL 



a 



X" 



< 



ZZC2 



Circuit Notes 

This circuit operates 10-40 ppm above 
series resonance, It is a good circuit design 
with good to very good frequency stability. 



^=a 



Fig. 19-32 



TUBE-TYPE CRYSTAL OSCILLATOR 




XTAL 



R.F.C. 



Q> 



60 mA, 

PILOT S 10,000 

LAMP >n 



rh 



S 10 P ° 



.002 



A 

-B 



Circuit Notes 

The pilot lamp limits current to prevent 
damage to the crystal. 



6 

+B 



Fig. 19-33 
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PRECISION CLOCK GENERATOR 

+5V. 



F =10 MHZ 



6-36pF 20pF. 



V+ 
OSC OUT 



ICM7209 



OSCIN 



output 1 



-o 10MHZ 



output 2 



(F-8) 



-o 1.25 MHZ 



Fig. 19-34 



/ DISABLE 

1 



Circuit Notes 



The CMOS IC directly drives 5 TTL loads from either of 2 buffered outputs/The 
device operates to 10 MHz and is bipolar, MOS, and CMOS compatible. 



MILLER OSCILLATOR (CRYSTAL CONTROLLED) 




Circuit Notes 

The drain of the JFET Miller oscillator is 
tuned to the resonant frequency of the crystal 
by an LC tank circuit. 
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BUTLER EMITTER FOLLOWER OSCILLATOR {20 MHz) 



+ 5V 



:ik 



IN 4148 
D1 - D4 



Fig. 19-36 



1N571 1 



R1 1K 

1 1 — 'Wv - 



L1 1/ih 

JTYTL 



±:.1 A 

C2 470 pF : 



+ 5V 



+ 5V 



B 



C1 82 pF 



4- 



C3 15:40 pf 



R = 15 XTAL 
20 MHz (3H) 

— !□! — — 



14 



2N5179 




Buffer 



COLPITTS OSCILLATOR 



C5 

0.1 



Q1 
2N2222 




7h 



5oOpF OUTPUT 



Circuit Notes 

This circuit will operate with 
fundamental-mode crystals in the range of 1 
MHz to 20 MHz. Feedback is controlled by 
capacitor voltage divider C2/C3. The rf voltage 
across the emitter resistor provides the basic 
feedback signal. 



Fig. 19-37 
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CRYSTAL-CONTROLLED OSCILLATOR 



CRYSTAL 
3.00 MHz 



R1 510 




G1. G2, G3 = 5400/7400 



G2 



R2 510 




=ZC1 47 



C2 47=: 

777 



G3 




rh 



OUTPUT o- 



G4 



Fig. 19-38 



Circuit Notes 



This circuit oscillates without the crystal. With the crystal in the circuit, the 
frequency will be that of the crystal. The circuit has good starting characteristics even 
with the poorest crystals. 

PIERCE OSCILLATOR 



Fig. 19-39 



R1 
680 



" A 



rb 



(+)9VDC<-) 
O 9 



m 



^ 



C6 

.01 /iF 



Y1 ?.1.5K 



04 

C3 150K 

22pF 




rr 

\ JL 

Is 



y- 



C2 

lOpF 



• C1 
150pF 



.C4 




.001 ,iF 
22 $150K $$' OUTPUT 



AT 



R3 
10011 



A 



V77 /77 /77 

Ql.02:2N2362 0REQUIV. 



Circuit Notes 

The oscillator transistor is Ql, and the crystal is placed between the collector and 
base. Feedback is improved by the use. of the collector-emitter capacitor C2. Transistor 
Q2 is used as an output buffer. 
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BUTLER APERIODIC OSCILLATOR 



1 2 V(!:. 



> IOK 



/77 



15 pF 



C2 



C^ 4/ 



'J" 




/77 



/77 //7 01 D2 1N9I4 



Fig. 19-40 



Circuit Notes 

This circuit works well in the range of 50 transistor that provides moderate gain (in the 

kHz to 500 kHz. Slight component modifica- 60 to 150 range) at the frequency of operation 

tions are needed for higher frequency opera- and a gain-bandwidth product of at least 100 

tion. For operation over 3000 kHz, select a MHz. 



PARALLEL-MODE APERIODIC CRYSTAL OSCILLATOR 



l+lo 12 -oH 

voc 

is ^ 






C1 . 
30pFi 



t-«ot 



a 

tOoF 



R2 

100K 



H3 C4 

IK 001-Mf 



C3 ,-is 

ooi L 

«F 



L 4'oon 



OUTPUT 



Circuit Notes 



Fig. 19-41 



The crystal is placed between the collec- range of operation for this circuit is 500 kHz to 

tor of the output stage and the base of the input 10 MHz. Extend the range downward (100 

stage. The frequency of oscillation can be set to kHz) by increasing the value of CI to 75 pF and 

a precise value with trimmer capacitor CI. The increasing the value of C2 to 22pF. 
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INTERNATIONAL CRYSTAL OF-1 HI OSCILLATOR 



T 
X 



100 



001 



I OUTPUT 



-3HQ 



FREQ. 



a ^~ 470 i 18 -29 mm 

28 -60 MHz 



ZiOpF 

100 pF 



« 



4TpF 
18 pF 



m 



Fig. 19-42 



Circuit Notes 

International Crystal OF-1 HI oscillator circuit for third-overtone crystals. The 
circuit does not require inductors. 



STANDARD CRYSTAL 
OSCILLATOR FOR 1 MHz 



' 6.8 k 



=J=o.oi S 12k 



rh rh 



Fig. 19-43 




30 pF PARALLEL RESONANCE 



TTL-COMPATIBLE 
CRYSTAL OSCILLATOR 



rOOKHi 
i TO 
' SOMHi 
CRYSTAL 



Rl 

20 TO 
I00K 




rh 



Fig. 19-44 



Circuit Notes 



Adjust Rl for about 2 volts at the output of 
the first gate. Adjust CI for best output. 
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CRYSTAL CONTROLLED 
SINE WAVE OSCILLATOR 



5pF 




V o = 500 mVp-p 

1 = 9.1 MH* ,_, MHI 

THCK2.5% (FUNDAMENTAL) 



Fig. 19-45 



STABLE LOW 
FREQUENCY CRYSTAL OSCILLATOR 






T"'" f -L 



-O OUTPUT 



\4> 



<1M 



Fig. 19-47 

Circuit Notes 

This Colpitts-crystal oscillator is ideal for 
low frequency crystal oscillator circuits. Ex- 
cellent stability is assured because the 2N3823 
JFET circuit loading does not vary with tem- 
perature. 



CRYSTAL OSCILLATOR 




Fig. 19-46 



JFET PIERCE CRYSTAL OSCILLATOR 



jH 



[HFC 



< l Q OUTPUT 



Fig. 19-48 






Circuit Notes 



Mttistnt) 



The JFET Pierce crystal oscillator allows 
a wide frequency range of crystals to be used 
without circuit modification. Since the JFET 
gate does not load the crystal, good Q is main- 
tained, thus insuring good frequency stability. 
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CMOS OSCILLATOR- 1 MHz-4 MHz 




Fig. 19-49 







} OUTPUT 



NOTES 



I. 



!U< PI t SM 

SELECT RZ 
AND CZ TO 
PREVENT SPUR- 
IOUS FREQUEN- 
CIES 

IC$ APE T4C04 
OR EQUIVALENT 



PIERCE HARMONIC OSCILLATOR (100 MHz) 
+ 5V 




+ 5V 



100 



»> -*A/V-| 



R, - 40 
7 — 33-43 22 pF ~ ~ 




100K 



Buffer 



Fig. 19-50 



Circuit 

The output resistance of the transistor's 
collector, together with the effective value of 
Cl, provides an RC phase lag of 30-50°. The 
crystal normally oscillates slightly above 
series resonance, where it is both resistive and 
inductive. Above series resonance, the crys- 
tal's internal impedance (resistive and induc- 
tive) together with C2 provides an RLC phase 



Notes 

lag of 130-150°. The transistor inverts the sig- 
nal, providing a total of 360° of phase shift 
around the loop. Inductor LI is selected to 
resonate with Cl at a frequency between the 
crystal's desired harmonic and its next lower 
odd harmonic. Inductor LI offsets part of the 
negative reactance of Cl at the oscillation fre- 
quency. 
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Current Measuring Circuits 



1 he sources of the following circuits are contained in the Sources section beginning on page 730. The 
figure number contained in the box of each circuit correlates to the source entry in the Sources section. 

Ammeter Nanoampere Sensing Circuit with 100 

Pico Ammeter Megohm Input Impedance 

Nano Ammeter Current Monitor 
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AMMETER 




'► VA 9 * 



t 1x scale calibrate 
*3x scale calibrate 
t includes reversing switch 

Fig. 20-1 





Circuit Notes 

Current meter ranges from 100 pA to 3 mA full scale. Voltage across input is 100 ^tV 
at lower ranges rising to 3 mV at 3 mA. The buffers on the op amp are to remove 
ambiguity with high-current overload. The output can also drive a DVM or a DPM. 
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PICO AMMETER 



input; 



— vw 



Rl lMft 2 



'in ICR1 icRZ o- 



INTERNAL DIODES 



Circuit 

A very sensitive pico ammeter (- 1 V/pA) 
employs the amplifier in the inverting or cur- 
rent summing mode. Care must be taken to 
eliminate stray currents, from flowing into the 
current summingmode. It takes approximately 
5 for the circuit to stabilize to within 1% of its 




OUTPUT 

»> 

v„ = i„ * to«n 

= - 1 VOLT/pA 



Fig. 20-2 



final output voltage after a step function of input 
current has been applied. The internal diodes 
CR1 and CR2 together with external resistor 
Rl to protect the input stage of the amplifier 
from voltage transients. 



NANO AMMETER 



-W\r- 




~1_ 



X" 






Mwce 
svmi 



-i.lv o 



— ■» 15V 

J 



Resistance Values for 
DC Nano and Micro Animator 



1 FULL SCALE 


R f(nl 


R f[tt! 


100 n A 


1.5M 


1.5M 


"500 nA 


300k 


300k 


1 jiA 


300k 





5 mA 


60k 





IQjiA 


30k 





50 mA 


6k 





100 mA 


3k 






The complete meter amplifier is a differen- 
tial current-to- voltage converter with input pro- 
tection, zeroing and full scale adjust provisions, 
and input resistor balancing for minimum offset 
voltage. 

Fig. 20-3 
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NANOAMPERE SENSING CIRCUIT 
WITH 100 MEGOHM INPUT IMPEDANCE 




28 

VOLTS 



SCR 

(C9F, CI2F, 
0RC40F) 



Fig. 20-4 



NANOAMPERE SENSING CIRCUIT WITH 
100 MEGOHM INPUT IMPEDANCE 



Circuit Notes 



The circuit may be used as a sensitive 
current detector or as a voltage detector having 
high input impedance. Rl is set so that the 
voltage at point (A) is Vi to % volts below the 
level that fires the 2N494C. A small input cur- 
rent (Iin) of only 40 nanoamperes will charge 
C2 and raise the voltage at the emitter to the 



firing level. When the 2N494C fires, both 
capacitors, CI and C2, are discharged through 
the 27 ohm resistor, which generates a positive 
pulse with sufficient amplitude to trigger a con- 
trolled rectifier (SCR), or other pulse sensitive 
circuitry. 



CURRENT MONITOR 



POSITIVE 

INPUT O- 
VOITAGE 



MONITOR 
OUTPUT 

Silk I 
Rl R3 



-A/VW-t 



3 




PN36IH IP52S 



Circuit Notes 

Rl senses current flow of a power supply. 
The JFET is used as a buffer because Id = Is; 
therefore the output monitor voltage accu- 
rately reflects the power supply current flow. 



k 

<IK 



Fig. 20-5 
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Current Sources and Sinks 



J. he sources of the following circuits are contained in the Sources section beginning on page 730. The 
figure number contained in the box of each circuit correlates to the source entry in the Sources section. 

Current source Precision 1 yuA to 1 mA Current Sources 

Precision Current Source Precision Current Sink 
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CURRENT SOURCE 



Fig. 21-1 



■ 01 

2M2S0 



M 

1 Sk 




100 

,% R 

-vw — o+- 



OlDaiA 



RU 
100M 



* calibrate range 
"tselect for l ce o< 100 pA 



Circuit Notes 

This precision current source has 10 fxA to 10 mA ranges with output compliance of 
30 V to - 5 V. Output current is fully adjustable on each range with a calibrated, ten-turn 
potentiometer. Error light indicates saturation. 

PRECISION CURRENT SOURCE 




V|N < ov 



Circuit Notes 

The 2N5457 and PN2222 bipolar serve as 
voltage isolation devices between the output 
and the current sensing resistor, Rl. The 
LM101 provides a large amount of loop gain to 
assure that the circuit acts as a current source. 
For small values of current (<1 mA), the 
PN2222 and 10 K resistor may be eliminated 
with the output appearing at the source of the 
2N5457. 



Fig. 21-2 
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PRECISION 1 txA to 1 mA CURRENT SOURCES 

LM3BS2.5 



-1.6V TO -27V 




■1.SVT0 27V 




Fig. 21-3 



* l OUT = - 



2.SV 



PRECISION CURRENT SINK 




Circuit Notes 

The 2N5457 JFET and PN2222 bipolar 
have inherently high output impedance. Using 
Rl as a current sensing resistor to provide 
feedback to the LM101 op amp provides a large 
amount of loop gain for negative feedback to 
enhance the true current sink nature of this 
circuit. For small current values, the 10 K re- 
sistor and PN2222 may be eliminated if the 
source of the JFET is connected to Rl. 



Fig. 21-4 
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Dc/Dc and 
Dc/Ac Converters 



1 he jsources of the following circuits are contained in'the Sources section beginning on page 730. The 
figure number contained in the box of each circuit correlates to the source entry in the Sources section. 

Dc-to-Dc/Ac Inverter Current Source 

Dc-to^Dc SMPS Using NE5561 Variable 18 Regulated Dc-to-Dc Converter 

V to 30 V Out at 0.2 A 400 V, 60 W Push-Pull Dc/Dc Converter 

Mini Power Inverter as High Voltage, Low Dc/Dc Regulating Converter 

Flyback Converter 
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DC-TO-DC/AC INVERTER 



T1 

OLD FILAMENT 

TRANSFORMER 



240V ac 

(ORIGINAL 
PRIMARY) 




TO 
RECTIFIER 



+12V 



Fig, 22-1 



Circuit Notes 



This inverter uses no special components 
such as the torodial transformer used in many 
inverters. Cost is kept low with the use of 
cheap, readily available components. Essen- 
tially, it is a power amplifier driven by an asta- 
ble multivibrator. The frequency is around 
1200 Hz which most 50/60 Hz power transfor- 
mers handle well without too much loss. In- 
creasing the value of capacitors CI and C2 will 



lower the frequency if any trouble is experi- 
enced. However, rectifier .filtering capacitors 
required are considerably smaller at the higher 
operating frequency. The two 2N3055 transis- 
tor should be mounted on an adequately sized 
heatsink. The transformer should be rated ac- 
cording to the amount of output power required 
allowing for conversion efficiency of approxi- 
mately 60%. 
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DC-TO-DC SMPS USING NE5561 VARIABLE 18 V to 30 V OUT AT 0.2 A 




SLOW START 

ANO WITT-CYCLE LIMIT — ■=■ 



Fig. 22-2 



HIGH CURRENT 

COMMON 



C5 is the timing 

capacitor (0.03jiF lor 22 kHz) 

d L1 is Ferroxcube 2613 

0J»1(.F 3C8 with 14 turns of #18 enameled 
wire (0.14 mH) 

R11 

i^7 (V ^ +v be 



MINI POWER INVERTER AS HIGH VOLTAGE, LOW CURRENT SOURCE 




1MB 



-O+S ■*■ 15 VOLTS 



J3 



"I — 'WV' — i 
3 Tioob 



1 5 



-O *w 



ACO/P 



Fig. 22-3 



C3 

10u 



10n 



-Ognd 



Circuit Notes 

The circuit is capable of providing power high, current flows through the limiting resis- 



tor portable Geiger counters, dosimeter char- 
gers, high resistance meters, etc. The 555 
timer IC is used in its multivibrator mode, the 
frequency adjusted to optimize the transformer 
characteristics. When the output of the IC is 



tor, the primary coil to charge C3. When the 
output is low, the current is reversed. With a 
suitable choice of frequency and C3, a good 
symmetric output is sustained. 
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REGULATED DC-TO-DC CONVERTER 



+5V 

o 

— <h— 




Fig. 22.4 



560K.Q 



-12V95mA 

Circuit Notes 



Low power dc to dc converter obtained by 
adding a flyback circuit to -a square wave oscil- 
lator. Operating frequency is 20 kHz to 
minimize the size of LI and C2. Regulation is 



achieved by zener diode D2. Maximum current 
available before the converter drops out of reg- 
ulation is 5.5 mA. 



400 V, 60 W PUSH-PULL DC/DC CONVERTER 




1IN 



3T 



i- 



T 






' Jot I jmoJ 

* i' w 1 ± D > 1 '"1 



NOTES 

UNLESS OTHERWISE NOTED. 

All RESISTORS 5%, , /.W 

ALL CAPACITOR VALUES IN MICROFARADS, 

0, I Oil VN04GA ON H8AT SINK 

0i* Or 1NUM 

D 3 : 33V, 1W ZENER 

Ti: Ml: 1IT, CT, NO ID AWG 

SEC: 8T5T. NO M AWO 

CORE: IND SEN I23M 



f 



Fig. 22-5 



Circuit Notes 

The TL494 switching regulator governs the operating frequency and regulates 
output voltage. Switching frequency approximately 100 kHz for the values shown. 
Output regulation is typically 1.25% from no-load to -full 60 W. 
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DC/DC REGULATING CONVERTER 




Fig. 22-6 



Circuit Notes 



Push-pull outputs are used in this 
transformer-coupled dc-dc regulating. conver- 
ter. Note that the oscillator must be set at 
twice the desired output frequency as the 
SG1524's internal flip-flop divides the fre- 



quency by 2 as it switches the PWM signal from 
one output to the other. Current limiting is 
done here in the primary so that the pulse width 
will be reduced should transformer saturation 
occur. 



FLYBACK CONVERTER 



+sv o — r 



O -16V 




CORE: FROM CURVE 
2213P-A1SO-287 



GROUND 

Fig. 22-7 



Circuit Notes 



A low-current flyback converter is used 
here to generate ±15 volts at 20 mA from a +5 
volt regulated tine. The reference generator in 
the SG1524 is unused with the input voltage 



providing the reference. Current limiting in a 
flyback converter is difficult and is ac- 
complished here by sensing current in the 
primary line and resetting a soft-start circuit. 
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Decoders 



1 he sources of the following circuits are contained in the Sources section beginning on page 730 . The 
figure number contained in the box of each circuit correlates to the source entry in the Sources section. 

Tone Alert Decoder 10.8 MHz FSK Decoder 

Tone Decoder with Relay Output 24% Bandwidth Tone Decoder 

SCA Decoder Dual-Tone Decoder 
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TONE-ALERT DECODER 



01 



10k 

m 




ciJi* Si m 

O I ^"T> r-p. CS 



AUDIO TO SPEAKER 

audio from me 



X 1 






JUMPER TO ONE 



**< 
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« t 5 




SS5 




Rt, 


6 




ro* ; 















fi«V_, 



Schematic diagram of the tone-alert decoder, designed for 
the call-up of amateur radio volunteers during emergencies. 



Fig. 23-1 



Circuit Notes 



PLL (Ul) is set with R2 to desired tone Ql to allow audio to speaker) when proper 

frequency. LED lights to indicate lock-up of frequency/duration signal is received. Tareset 

PLL. Reduce signal level (Rl) and readjust R2 latch, a positive voltage must be applied briefly 

to assure lock-up. Delay is selected from to the R input of U4. 
counter U3 output. Circuits latches (turns on 

TONE DECODER WITH RELAY OUTPUT 



e.iiiF 



Ht- 



iw 



n 



ii it 



T 




Fig. 23-2 
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SCA (BACKGROUND MUSIC) DECODER 




12V 
-J4V 



OEM 



■.BACKGROUND 



Fig. 23-3 



Circuit Notes 



A resistive voltage divideris used to es- 
tablish a bias voltage for the input (pins 2 and 
3). The demodulated (multiplex) FM signal is 
fed to the input through a two-stage high-pass 
filter, both to effect capacitive coupling and to 
attenuate the strong signal of the regular chan- 
nel. A total signal amplitude, between 80 mV 
and 30OmV, is required at the input. Its source 
should have an impedance of less than 10,000 
ohms. The Phase Locked Loop is tuned to 67 



kHz with a 5000 ohm potentiometer; only ap- 
proximate tuning is required, since the loop 
will seek the signal. The demodulated output 
(pin 7) passes through a three-stage low-pass 
filter to provide de-emphasis and attenuate the 
high-frequency noise which often accompanies 
SCA transmission. The demodulated output 
signal is in the rder of 50m V and the frequency 
response extends to 7 kHz. 



10.8 MHz FSK DECODER 



<BW5 




— 41 — 



-1 — T- 




N£S64 I 



Fig. 23-4 
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24% BANDWIDTH TONE DECODER 



INPUT SIGNAL 
OWOmVtml 



o-M— 



3 M7 i 
» 5 1 
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o 



"e 3 



3 sn i 

2 1 
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f" 



Ue, -c, 



ci 



Fig. 23-5 



DUAL-TONE DECODER 



OUUWIL « V— 

tm Nfenvt* 



i 2 1 






3 M7 t |. 

t I » t 



X 1 _fc 



55 * 



1. Raaiator and capadtor-vahjtt choaan tor oatlrad fraquaneMt and bandwidth. 
3. K Cs It mada laro* WMlo delay turn-on of tha top 567, dacading ol aaquential «i fj) 
ton** bpoaalbl*. 



Fig. 23-6 
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Delays 



Lhe sources of the following circuits are contained in the Sources section beginning on page 730 . The 
figure number contained in the box of each circuit correlates to the source entry in the Sources section. 

Long Time Delay Long Delay Timer Using PUT 

Time Delay Generator Ultra-Precise Long Time Delay Relay 

Door Chimes Delay Long Duration Time Delay 

Time Delay Generator Simple Time Delay Using Two SCRs 
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LONG TIME DELAY 



LONG TIME COUNTER 
(HOURS, DAYS, WEEKS. ETC.} 




TOTAL PERIOD - .831 |H A + IRg> C. 
(EXAMPLE VALUES SET FOR AFPROX. IE MIN.) 



■ OUTPUT PULSE WI0TH : T = I iKc 



Fig. 24-1 



Circuit 

In the 556 timer, the timing is a function of 
the charging rate of the external capacitor. For 
long time delays, expensive capacitors with 
extremely low leakage are required. The prac- 
ticality of the components involved limits the 
time between pulses to something in the 
neighborhood of 10 minutes. To achieve longer 
time periods, both halves of a dual timer may be 



Notes 

connected in tandem with a "Divide-by"' net- 
work in between the first timer section oper- 
ates in an oscillatory mode with a period of 
1/fo. This signal is then applied to a "Divide- 
by-N" network to give an output with the 
period of N/fo. This can then be used to trigger 
the second half of the 556. The total time delay 
is now a function of N and fo. 



TIME DELAY GENERATOR 



1TLT 




"ON" lor 1 > tg * Jt 



'V„t 




Fig. 24-2 
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DOOR CHIMES DELAY 

m 



D1 



R3 470 
*— -VW— 



|* p— ■ J 

1 u FRIEDLA 



FRIEDLAND 
CHIMES (60) 




Q1 AC128 



J- Fig. 24-3 



R2 720 



!6V 

+ 



Circuit Notes 

With values shown, this simple circuit will button is released. Making Rl larger will in- 
permit one operation every 10 seconds or so. crease the delay. 
Capacitor Cl charges through Rl when the 



TIME DELAY GENERATOR 




:=r- 1_ i 



V) « ) 

INPUT SATMG SIGNAL — * V IN 




Cl 
0.00VF 




Fig. 24.4 
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+ 28V O 



LONG DELAY TIMER USING PUT 




100 PULSE 
OUTPUT 



Fig. 24-5 

Circuit Notes 

The PUT is used as both a timing element and sampling oscillator. A low leakage 
film capacitor is required for C2 due to the low current supplied to it. 



ULTRA-PRECISE LONG TIME DELAY RELAY 



560 OHMS 




SCR [ 

GE CI22F, CI5F 

OR SE CI IF 



Fig. 24-6 



Circuit Notes 



Predictable time delays from as low as 0.3 
milliseconds to over 3 minutes are obtainable 
without resorting to a large value electrolytic- 
type timing capacitor. Instead, a stable low 



leakage paper or mylar capacitor is used and 
the peak point current of the timing UJT (Ql) is 
effectively reduced, so that a large value emit- 
ter resistor (Rl) may be substituted. 
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LONG DURATION TIME DELAY 



Q+ 25 V 




\2N4853 

!q 3 



ZN4125 S 27n 



Fig. 24-7 



SIMPLE TIME DELAY 



*cc 



RESET 



RELAY i 
COIL 



IN4148 



555 




4.7 K 



START 



ZTT.aijj 



Fig. 24-8 
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Detectors 



1 he sources of the following circuits are contained in the Sources section beginning on page 730. The 
figure number contained in the box of each circuit correlates to the source entry in the Sources section. 



Air-Motion Detector 

Product Detector 

Low Voltage Detector 

Positive Peak Detector 

Negative Peak Detector 

Precision Peak Voltage Detector With 

Along Memory Time 
Edge Detector 

Ultra- Low Drift Peak Detector 
Pulse Width Discriminator 
True RMS Detector 
Fast Half Wave Rectifier 
Telemetry Demodulator 
Full-Wave Rectifier and Averaging Filter 
Double-Ended Limit Detector 

Positive 



Half-Wave Rectifier 

Tone Detector 

FM Tuner with a Single-Tuned Detector 

Coil 
Missing Pulse Detector 
High Speed Peak Detector 
Detector for Magnetic Transducer 
Double-Ended Limit Detector 
FM Demodulator at 5 V 
FM Demodulator at 12 V 
Precision Full-Wave Rectifier 
Negative Peak Detector 
Level Detector with Hysteresis 
Window Detector 
Air Flow Detector 
Peak Detector 
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"C1 .22 

Hf- 



AIR-MOTION DETECTOR 



5 - 12 Vdc 



R1 1 K 
- J W\r- 



R2 100 K 

— vw 



TRI \£>> 

273-060 



R3 
1 MEG 



-i-C2 AOjlF 




-O OUTPUT 



LM324 



-o o- 

LOAD 



FROM DETECTOR < 



R4 330 



(jD 50 "' 



© 



R4-330 Jl 
FROM o— jyy\^_ 

DETECTOR 




*220 II FOR 
5 VOLTS 
560 n FOR 12 VOLTS 



Fig. 25-1 



Circuit Notes 



Sensing circuit detects either steady or 
fluctuating air flows. The heart of the circuit is 
a Radio Shack piezo buzzer (P/N 273-060) and 
an LM324 quad op amp. (Red wire from the 
piezo element connects to capacitor CI, and 
the black wire to ground.) When a current of air 
hits the piezo element, a small signal is gener- 
ated and is fed through CI and Rl to the in- 
verting input (pin 2) of one section of the 
LM324. That causes the output (pin 1) to go 
high. Resistor R3 adjusts sensitivity. The cir- 



cuitcan be made sensitive enough to detect the 
wave of a hand or the sensitivity can be set so 
low that blowing on the element hard will-pro- 
duce no output. Resistor R2 is used to adjust 
the level of the output voltage at pin 1. The 
detector circuit can be used in various control 
applications. For example, an SCR can be used 
to control 117-volt AC loads as shown in A. 
Also, an NPN transistor, such as a TIP29, can 
be used to control loads as shown in B. 
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PRODUCT DETECTOR 



1 k 



CARRIER 
INPUT #- 



300 mV(fms) 
SSB INPUT 



820 



0.1 nf 

-\(r 

0.1 vF 



1 k 



TX^ 



1.3 k 
-AAAr 



J_0.1pF 
I *'■ ^rs r-W( 1 



MC1596G 
-MCH966 




3k, 



0.005 - 

^f : 



10k 



Vcc 
+ 12 Vdc 



3k 



AF 



Ik ] °^ F OUTPUT 
■Wrf — If—* 

RL -^ 10 k 



; 0.005; 

pF 



OOOS^F 



Fig. 25-2 



Circuit Notes 



The MC1596/MC1496 makes an excel- 
lent SSB product detector. This product detec- 
tor has a sensitivity of 3.0 microvolts and a 
dynamic range of 90 dB when operating at an 
intermediate frequency of 9 MHz. The detector 
is broadband for the entire high frequency 
range. For operation at very low. intermediate 
frequencies down to 50 kHz the 0.1 (jlF 
capacitors on pins 7 and 8 should be increased 
to 1.0 fiF. Also, the output filter at pin 9 can be 
tailored to a specific intermediate frequency 
and audio amplifier input impedance. The emit- 
ter resistance between pins 2 and 3 may be 



increased or decreased to adjust circuit gain, 
sensitivity, and dynamic range. This circuit 
may also be used as an AM detector by intro- 
ducing carrier signal at the carrier input and an 
AM signal at the SSB input. The carrier signal 
may be derived from the intermediate fre- 
quency signal or generated locally. The carrier 
signal may be introduced with or without mod- 
ulation, provided its level is sufficiently high to 
saturate the upper quad differential amplifier. If 
the carrier signal is modulated, a 300 mV (rms) 
input level is recommended. 
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LOW VOLTAGE DETECTOR 



+ o— ' 

APPLIED 
VOLTAGE 




Q2 
2N2222 



100 n 



Fig. 25-3 



Circuit Notes 



The values of Rl, R2, and Dl are selected 
for the voltage applied. Using a 12-volt battery, 
Rl = 10 K, R2 = 5.6 K and Dl is a 5-volt zener 
diode, or a string of forward-biased silicon 
rectifiers equaling about 5 volts. Transistor Ql 
is a general-purpose UJT (Unijunction Transis- 
tor), and Q2 is any small -signal or switching 
NPN transistor. When detector is connected 
across the battery terminals, it draws little 
current and does not interfere with other de- 



vices powered by the battery. If voltage drops 
below the trip voltage selected with the Rl 
setting, the speaker beeps a warning. The fre- 
quency of the beeps is determined by the 
amount of undervoltage. If other voltages are 
being monitored, select Rl so that it draws 
only 1 mA or 2 mA. Zener diode Dl is about 
one-half of the desired trip voltage, and R2 is 
selected to bias it about 1 mA. 
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DET 



r— *W » 



"IN 



RESET 
VOLTAGE 
O 



RST 



Fig. 25-4 



POSITIVE PEAK DETECTOR 



<>--, 





>-- 



! V 



OUT 
* O 



-|- C H - lOOOpF 

V 



z\ 




NEGATIVE PEAK DETECTOR 



OET 
O— 



RESET 
VOLTAGE 

o 



RST 
O— 



<7 



Fig. 25-5 



o-~- 



£>-- 





^-C H lOOOoF 



5 



V GUT V INP|^| 



"OUT 




z 
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PRECISION PEAK VOLTAGE DETECTOR WITH A LONG MEMORY TIME 



C A3 140 



MAX V IN ± 2,5 V_ ~ 




D1 VOUT 



R 10M 



D1 =1N914 



m 




Fig. 25-6 



The circuit has negative feedback only for 
positive signals. The inverting input can only 
get some feedback when diode Dl-is forward 
biased and only occurs when the input is posi- 
tive. With a positive input signal, the output of 
the op amp rises until the inverting input signal 
reaches the same potential. In so doing, the 
capacitor C is also charged to this potential. 
When the input goes negative, the diode Dl 



Circuit Notes 

becomes reverse biased, the voltage on the 
capacitor remains, being slowly discharged by 
the op amp input bias current of 10 pico amps. 
Thus the discharge of the capacitor is domin- 
antly controlled by the resistor R, giving a time 
constant of 10 seconds. Thus, the circuit de- 
tects the most positive peak voltage and re- 
members it. 



EDGE DETECTOR 



1/4 C040918 



®— 1' 



® 



® 



v DD 



v 0O 



vco- 



© 




Circuit Notes 

This circuit provides a short negative- 
going output pulse for every positive-going 
edge at the input. The input waveform is 
coupled to the input by capacitor C; the pulse 
length depends, as before, on R and C. If a 
negative going edge detector is required, the 
circuit in B should be used. 



Fig. 25-7 
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ULTRA-LOW DRIFT PEAK DETECTOR 



V|*< 




RECOVERY TIME 
=" ■=■ ADJUST 

• By adding 01 andfif.Vpi - during hold mods. Leekage of 
D2 provided by fwdbeck path through Rf , 

• Leakage of circuit is l B pluj leakage ol C n . 

• "D3 clampi Vqut a1 to V IN - v 03 ,0 i m P r «« ipaed and to 

limit the ceverjs bias of 02. 

• Maximum input frequency ihoold be « 1 /2*RfGr>2, wtwre 
Cq2 '* the thunt capacitance of D2. 

•Low leakage capacitor 



VflUT 



Fig. 25-8 



PULSE WIDTH DISCRIMINATOR 



VlN 



A 



c 




:;."i_rLnr u 

-J,L- 



v OUT Pulse Appears 

FT C V, 
Whenever T > — 

Vf 



7.0 V 

'-- 0.2 V 



V? V- 



Fig. 25-9 
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TRUE RMS DETECTOR 




Fig. 25-10 



Circuit Notes 



The circuit will provide a dc output equal The lower frequency is limited by the size of 

to the rms value of the input. Accuracy is typi- the filter capacitor. Since the input is dc 

cally 2% for a 20 Vpp input signal from 50 Hz to coupled, it can provide the true rms equivalent 

100 kHz, although it's usable to about 500 kHz. of a dc and ac signal. 

FAST HALF-WAVE RECTIFIER 



E. IN 

R1 
20k (1% 

r-A^\A 

-J- R4 15k 




Circuit Notes 

E. OUT 

.4 o Precision half wave rectifier using an op- 

erational amplifier will have a rectification ac- 

D1 curacy of I % from dc to 100 kHz. 

1N914 



DZ 
1N914 



Fig. 25-11 
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AUDIO O— 

input 

(> ?O0mV) 



TELEMETRY DEMODULATOR 



+l2Vdc 
9 




R1 CI 

82K *W pF 



IC2 515 
MONOSTABLE 
MULTIVIBRATOR 

i 



+ 12Vde 

(ma 

-12Vde 



OUTPUT 





Fig. 25-12 



. INTEGRATOR 



-IJViic 



kHz. 



Circuit Notes 

The circuit recovers an FM audio signal that variesLfrom less than 1 kHz to about 10 



FULL. WAVE RECTIFIER AND AVERAGING FILTER 



4.7 ,/F | "™ 



20 k 



-Wr 




20 V. 2S k 

1% » 

-t — v*a — ^v> 



-fr 



10k 

1% 
* — Wi 



D2 

FD 6966 



CAL 



i 



4.7 ^F 

— 1h- 



■iX. 

,jA413»- 



DC 

"OUTPUT 



Fig. 25-13 
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DOUBLE-ENDED LIMIT DETECTOR 




PO = 290 tW 



v OUT = ' LOW" WHSN: 
V HIGM "' V IN ' v LOW 
Dl SECT CMOS OUTPUT 



Circuit Notes 

Detector uses three sections of an L144 
and a CMOS NAND gate to make a very low 
power voltage monitor. The 1 Mil resistors 
Rl, R2, R3, and R4 translate the bipolar ±10 V 
swing of the op amps to a to 10 V swing 
acceptable to the ground-referenced CMOS 
logic. The total power dissipation is 290 aiW 
while in limit and 330 /zW while out of limit. 



Fig. 25-14 



10K 

o — -wv 



HALF-WAVE RECTIFIER 

O 




Fig. 25-15 



All resistor values are in ohms. 

Circuit Notes 

This circuit provides for accurate half 



wave rectification of the incoming signal. For 
positive signals, the gain is 0; for negative 
signals, the gain is — 1. By reversing both di- 
odes, the polarity can be inverted. This circuit 
provides an accurate output, but the output 



impedance differs for the two input polarities 
and buffering may be needed. The output must 
slew through two diode drops when the input 
polarity reverses. The NE5535 device will 
work up to 10 kHz with less ttan 5% distortion. 
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TONE DETECTOR 



H. 100K 




He 



Fig. 25-16 



Circuit Notes 



The detector circuit is made up a two- 
amplifier multiple feedback bandpass filter 
followed by an ac-to-dc detector section and a 
Schmitt Trigger. The bandpass filter (with a Q 
of greater than 100) passes only 5Q0 Hz inputs 
whch are in turn rectified by Dl and filtered by 



R9 and Ca, This filtering action in combination 
with the trigger level of 5 V for the Schmitt 
device insures that at least 55 cycles of 500 Hz 
input must be present before the output will 
react to a tone input. 



FM TUNER WITH A SINGLE-TUNED DETECTOR COIL 



9001! 
INPUT 



-VA* 



TUNEA 
IMOTE 



'I 



OUT ZTZ 



CERAMIC fT^^Jt 
FILTER 




All r«aiwor« v*tu4A ar* typical and m ohma. 

Wall*r 4SN3FIC Or •qtrfvalanl 
...MwftM SFG l07fflA or aquivalanl 
. R§ will atttel •to-b-illry daptfldino. on ei-rcuil layout. 

To tacrMtt (lability Rg i* d*cr*.a*ad Rftiiga ol R3 

It 930 to SM, R, +H S £ aaon 
. L I una* with lOQpF (C) *1 1Q.7MHZ 

Qq unlOad«d at 7ft (G.I. EX27B26 or *quh«al*nt) 



Parlormance dfela ait f * 
- ction ■ 

± 74hHa. 
-3dB limiting aanarlivHy 
2QdB quitting aanaitivity 
30dB quiafllng aanafNvity 



11BMHZ, l|j 



2itV (antenna l*v*0 

VV (afttanna l*w*l) 

1-9*V (intent IfvtQ 



Fig. 25-17 
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MISSING PULSE DETECTOR 







**cc 


[5to-15V> 


















|Ba 




















i s 

3 7 
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I .OIjjF 


1 1 
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INPUT 2V/CM 
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OUTPU 


T VOLTAGE 5V/CM 


































>1 . 


















/ 





















CAPACITOR VOLTAGE 5V/CM 

R A = I -Kfl, C= .09 mF 



Fig. 25-18 

Circuit Notes 

The timing cyde is continuously reset by should be set to be slightly longer than the 
the input pulse train. A change in frequency, or normal time between pulses. The graph shows 
a missing pulse, allows completion of the tim- the actual waveforms seen in this mode of op- 
ing cycle which causes a change in the output eration. 



level. For this application, the time delay 



HIGH SPEED PEAK DETECTOR 




Fig. 25-19 
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DETECTOR FOR 
MAGNETIC TRANSDUCER 

+5 V 




MAGNETIC 
TRANSDUCER 



Fig. 25-20 



FM DEMODULATOR AT 5 V 



It, LOCK RANGE ADJUSTMENT 



O.QIaf 

h 



FM IN.FUT (W7uF 

* c = GMHi O f f- 

f m - IkH, 



£ 



ihjy 



11 2 11 4 



10 t 18 



LOOP NITER 
00VF 



— fc" 

».1ijF -i- 



ANALOG OUT 

— O IfcHi 

POST 
DETECTION FILTEfl 



TV* 



5MHI 
FREQUENCY SET CAP 



sv ev 



Fig. 25-22 



DOUBLE-ENDED LIMIT DETECTOR 



R SET 

ISM II 



UPPER LIMIT 






v !NO— " 


i 






LOWER LIM 


IT 




V UT 



For V = ±5 V 
P D - 60 mW 



Fig. 25-21 



FM DEMODULATOR AT 12 V 



I l t LOCK HAIVGE ADJUSTMENT 
LOOP FILTER 



INPUT &*Juf 

f c - RMMt q_J t—Oi - 

■M8 FILTEfl -i- n.tuF 



■^ G.vr 



ill 



il 5 ii 






0-Olj.F 



e to a ia 




Q HI1FIL 

— ^ — Ir— i ' 



O ANALOOOUT 



POST DETECTION FILTEft 



f - BMKi 
FREQUENCY SET CAP 



200 > < '« 



Fig. 25-23 
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PRECISION FULL WAVE RECTIFIER 

f — O 



Fig. 25-24 



Circuit Notes 



The circuit provides accurate full wave 
rectification. The output impedance is low for 
both input polarities, and the errors are small at 
all signal levels. Note that the output will not 
sink heavy current, except a small amount 
through the 10 K resistors. Therefore, the load 
applied should be referenced to ground or a 



negative voltage. Reversal of all diode 
polarities will reverse the polarity of the out- 
put. Since the outputs of the amplifiers must 
slew through two diode drops when the input 
polarity changes, 741 type devices give 5% 
distortion at about 300 Hz. 



NEGATIVE PEAK DETECTOR 



15 V 



INPUT 



'Solid tantalum 




A3 
10 k 



-15 V 



f^/W= 



.CI 
"1.5 jjF* 




-OUTPUT 



Fig. 25-25 
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LEVEL DETECTOR WITH 
HYSTERESIS (POSITIVE FEEDBACK) 



R2 



R1 R2 
INPUT C- -»A/v* 




4 O OUTPUT 



HYSTERESIS WIDTH -- 4V- 



R1 * R2 \l~ 



Fig. 25-26 



AIR FLOW DETECTOR 




OUTPUT HIGH 
"WITHSIflKOm 



Self heating is used to detect air flow 



Fig. 25-28 



WINDOW DETECTOR 



POSITIVE PEAK DETECTOR 



VutO- 



3rsjo 



-OSV 



500 



V|N°— t 




+15 V 



n LM3io— — < — OTTL 



V L T°- 



INPUT- 



R1 
2 k 




G 



IT "3 



-15 V — » 



ti< -i— 



10 k 9 




110 



R2< J;C1 

1 M> JlJ iif 



OUTPUT 



'Solid tantalum 



Vout = 5V for Vlt < Vin < Vut 
Vout = for Vin < Vlt or Vin > Vut 
Fig. 25-27 



Fig. 25-29 
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26 



Digital-to- Analog Converters 



1 he sources of the following circuits are contained in the Sources section beginning on page 730. The 
figure number contained in the box of each circuit correlates to the source entry in the Sources section. 



14-Bit Binary D/A Converter (Unipolar) 

10-Bit D/A Converter 

Fast Voltage Output D/A Converter 

Resistor Terminated DAC (0 to -5 V Output) 

Three-Digit BCD D/A Converter 

8-Bit D/A Converter 

High-Speed 8-Bit D/A Converter 

10-Bit, 4 Quadrant Multiplexing D/A 



Converter (Offset Binary Coding) 
8-Bit D/A Converter 
±10 V Full-Scale Bipolar DAC 
Precision 12- Bit D/A Converter 
8-Bit D/A with Output Current-to- Voltage 

Conversion 
16-Bit Binary DAC 
±10 V Fuil-Seale Unipolar DAC 



High-Speed Voltage Output. DAC 
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14-BIT BINARY D/A CONVERTER (UNIPOLAR) 



v RE r 
4r 6 



R ft R R 
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■T¥PIC4LLV25Kn 



BINARY INPUT 



Figure 7 



NOTE: 

A. Op-Amp characteristics effect D/A accuracy and settling time. The fallowing Op-Amps, listed in order of increasing speed, are 
suggested: 



1. I.M101A 



2. LF156A 



3, LM11S 



Unipolar Binary Operation 



DIGITAL INPUT 


ANALOG OUTPUT 


1 1 1 1 1 1 1 1 1 t 1 1 1 1 


-VrefI 1 -*" 14 ' 


IOO0O0000D CO 1 


-V neF ll/2t2" 1 *l 


1 0000000000000 
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1 1 1 1 1 1 1 1 1 1 1 1 1 
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O0000000O0O001 


' V REP '=" M 1 
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Fig. 26-1 
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VREF 



10 BIT D/ A CONVERTER 



«-VW - f - WV 8 *A\ f VA f W f VV*- 
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BINARY INPUT 
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Unipolar Binary Operation 



'TYPICALLY 2BK O 

•TEMPERATURE COMPENSATION 
FOR CHANGE IN Rojlwtf 
WITH TEMPERATURE 
TYPICAL FEEOTHROUGH ERROR 
OF 10 mV p* FOR V«EF " 1S v P* 
f • 100111*1 AND R • an a 



DIGITAL INPUT 


ANALOG OUTPUT 


1 1 J 1 1 1 1 1 1 1 


-v REF (i -r ,0 i 


1000000001 


-v BEF (i/2+r 10 i 


1 000000000 


-v REF « 


111111111 


-V REF (V2-2- 10 ) 


0000000001 


- Vref (2- 10 ) 


0000 00000 








NOTE: 

Op-Amp characteristics affect D/A accuracy and settling time. The following Op-Amps, listed in order of increasing speed, 
suggested: 

1, LM101A 2. LF156A 3. LM118 



Fig. 26-2 



FAST VOLTAGE OUTPUT D/A CONVERTER 



BIT 1 BIT 10 

O 



\*=h~ 



TYPICAL SETTLING 

TIME-,8S(,SEC 




Fig. 26-3 
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238 



The Real Muslims Portal 



RMPInternational.TK 



RESISTOR TERMINATED DAC (0 TO -5 V OUTPUT) 



♦5V TO MSB 

*1SV I r 1 ? B1 B2 S3 B4 86 B6 E7 



LSB 

BIO B11 812 



N 



"1 

lOkft 
SAIN 
ADJ. 



U h Jm 1^3 [22 J;i j;o [» [is J17 °w jl5 ]'« ?r 



20kn 'ref 
-vW •■ 



v 



Fig. 26-4 



7" 

6-15 
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*5- 



T^ 
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■GROUNDING PIN 9 AMD UNORQUNDING PIN 12 
WILL. GIVE COMPLEMENTARY LOGIC. 



THREE-DIGIT BCD D/A CONVERTER 



UNIT'S DIGIT TEN'S DIGIT 



HUNDRED'S DIGIT 



REF- 
02C 



bb B7 at 86 u b* si bi 

Lseocoaoooo 



t3SK „ 
* — "vW^ 



Fig. 
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V 

26-5 



f 



3 

.DIuF 
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.1*F 



♦16V \7 



TRIMTOTi 1 & 2; BOURNS MFT MODEL 71 MC-27M03 
PACKAGE: 14 PIN DUAL IN-LINE 
f RESISTORS1N MFT NETWORK 




Hf *J * gff* [ ** T 2 



•fs,-*.x'rif, 



II W, •— VW-I 
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8-BIT D/A CONVERTER 



p + SV 



K REF< 
39 OjC 



c fiEF± 

I.O^F 
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fiil'2- 
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18k.n_ 



*-5V 



5800 



Tig. 26-6 



HIGH-SPEED 8-BIT D/A CONVERTER 

Ipg is Ht to 51 .000 mA with-R1 



Iflputt »f« 
MECL 10K 
Compatible 




| 50 



I 50 



~~T 50 
I— WV-*i 
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SO 
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Rl 1 k 

J *10 V 
AAA*—* * 

Allen- 4-01 
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0.01 jjF — 



| . Type «T — 
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-|S 4 

6 3 

-I 7 2 
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0' Equivalent 



+ 15 V 

(12 5 te'40,0 V maxl 



3.0V 4 X 001 jLioiu 




MC1404U10 

10 Volt Reference 



- PS2 and R3 are 
< 50ppm/°C, 



Fig. 26-7 
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10-BIT, 4 QUADRANT MULTIPLEXING 
D/A CONVERTER (OFFSET BINARY CODING) 




R <2R 



•A^ * Wsr- 



9 _L 
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1" i" f 
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«4 85 =• «•? 

OFFSET BINARY INPUT 

Bipolar (Offset Binary)* Operation 
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ANALOG OUTPUT 
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Fig. 26-8 



VOUT 




I I I I 



8-BIT D/A CONVERTER 

DIGITAL INPUTS . 



12 3 4 
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Fig. 26-9 
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±10 V FULL-SCALE BIPOLAR DAC 



A. CONNECTION 



v* v LC 



5 j£"' 
— *<1W 

* nn 



-*^ BIPOLAR 
OFFSET 



lKMi 
SAIN 
ADJ. 

3 



61 62 S3 B4 64 SS . B? 8! n BIB 811 612 
ppOOOOOpOO Q p 



20 19 1 



II IS 14 



LOGIC INPUT SWITCH DRIVERS 



oTr-Hr^rS 





CURRENT 
SWITCH £S 
(1/3 SHOWN! 



C. TRANSFER CURVE 



B. ADJUSTMENT PROCEDURE 

1. SET ALL BITS TO "0" STATE 

2. ADJUST R 2 UNTIL OUTPUT IS -10V 

3. BIT 1 to "1" STATE 

4. ADJUST R n UNTIL OUTPUT = 0.00V 



Fig. 26-10 




-R, ESTABLISHES 



R, ESTABLISHES 



PRECISION 12-BIT D/A CONVERTER 



-1BV *S/*1SV 



O.VF J. 



;r 



iilu 



|0. lMf A« jt J 



24 21 22 II 20 -t» IS 17 1« 15 14 11 
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(Shi J 



ImiP LOGIC SWITCHES & LEVEL SHIFTERS] j h 

1 ' ■ 1 1 'WW 




Fig. 26-11 
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A - ANALOG GROUISIO 



UNIPOLAR 
OFFSET ADJ. 
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8-BIT D/A WITH OUTPUT CURRENT-TO- VOLT AGE CONVERSION 



v cc 

13 



USB 



A1 
A2 
A3 
A4 
AS 
A6 
A7 
AS 



USB 



I 
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"M 



14 



15 
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R15 



V 
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— •Vr., 

J.OVdc 



a 1 



R14 = R15 a 1.0 kO 
Rq - 5.0 K.CI 



Ve E 




LF156 



Theoretics! Vq 

° R14 
Adjuit V r( f. R14 or Rq so that Vq with all digital inputs at high 
31 volt*, 



, f A1 A2 A3 A4 
° I 2 4 S 16 



A5 A6 A7 AS 

32 64 128 * 256 



level is equal to 9.961 



2V (11111 

° Ik I 2 4 6 16 32 

12561 
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256j 
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64 12S 256 
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Fig. 26-12 



16-BIT BINARY DAC 



■x 



U »VSf"AN 



REFERENCE 
CURRENT IN 



■f 



, . OUTPUT 

. [2.41.1! Oto*HJV 

'lfi&V'LSBl 




Fig. 26-13 
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±10 V FULL-SCALE UNIPOLAR DAC 



A. CONNECTIONS 



B1 82 S3 B4 B5 BS B? M 68 BIO 31t 812 
OOOQOOQOO p O 

1 24 23 22 | ;i 20 IS 18 (17 [l6 15 14 13 



9OO9ODOO 
24 23 22 21 20 IS 18 1 




C. TRANSFER CURVE 



B. ADJUSTMENT PROCEDURE 

1. ALL BITS TO "1" STATE ("0" STATE IF PINS 
9 AND 12 INTERCHANGED) 

2. ADJUST R, UNTIL OUTPUT IS +9.9975 

4095 

x10V 

4096 

Fig. 26-14 




HIGH-SPEED VOLTAGE OUTPUT DAC 



'OUT R0 



i 'OUT 



•out «o 



Bl B2 B3 B4 B5 66 B7 B8 



SVSTEM WILL DRIVE CABLES OR TWISTED PAIRS. 




VOUT 

— o 



It, ESTABLISHES 
THIS SLOPE 



VOUT 
BUF-03 _> O 



1/2 LSB SETTLING TIME 
1 OOnseo 



Fig. 26-15 
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27 



Dip Meters 



1 he sources of the following circuits are contained in the Sources section beginning on page 730. The 
figure number contained in the box of each circuit correlates to the source entry in the Sources section. 



"Dip Meter Using Dual-Gate IGFET (MOSFET) 
Varicap-Tuned FET DIP Meter with 1 kHz 

Modulator 
Dip Meter Using N-Channel IGFET (MOS- 
FET) and Separate Diode Detector 



Basic Grid-Dip Meter 
Dip Meter Using Germanium PNP 
Bipolar Transistor with Separate Diode De- 
tector 
Gate-Dip Meter Covers 1.8 - 150 MHz 



Dip Meter Using Silicon Junction FET 
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DIP METER USING DUAL-GATE IGFET (MOSFET) 



27 k 



r~ 



SENSITIVITY 

SOk 
Wv 



0.01 



r^ H 



~>> 



^so 



■»■ 
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COIL 



-» 
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47 k 
-VW- 



B xcapi t$ indlctird, daclmal 
nlutsol capacltanea an in micro- 
latads biFfr olhtrt ara In picofar- 
ads (pF), F«sistMttcm* ara In ohms. 
k m t,0M M •= 1,000,000 



RCA 

40673 



» 



220* 



9V 



IOOO 



Ih 1 



/77 

IN34A 

-w- 



ImH 



lOOk 



, KHJ 




/77 //7 

Circuit Notes 

Gate 2 is used to adjust the oscillation level. 



Fig. 27-1 



VARICAP-TUNED FET DIP METER WITH 1-kHz MODULATION 



OSCtLlATO* ^ OrODC 



cm, cur - motorola vvam-s 

Cms ' M&TQttOi..A MSPtOt 

01 * MOTOROLA MfFIOZ, MfP«0£ r 

Off HEfi-FQQlS 
P* - ZNJf43 
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U2 - ffCA CO *QQt 



Ets*fil at h&Catm*. Otirhmt 

Tmrwdt («f Jf 0EA*n an* fti picotmi- 
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DIP METER USING N-CHANNEL 
IGFET (MOSFET) AND SEPARATE DIODE DETECTOR 



-»- 



?6 



con 



» )h 



SCHSITIVITf 



iooo 

-*>-t-3f 



Pi " 



I 




Fig. 27-3 



v*Ju«* or c#p»£i1*Jle* art m mien- 
<»/*<#* f»f /,- trthtn *r* lift pJeshir- 
*d* tfft; t**ttt*t?cti ttt In ojmu. 
ft - l,0M M - T,«M r «9 



BASIC GRID-DIP METER 



con. 




Circuit Notes 

This circuit uses a triode vacuum-tube 
(9002 and 6C4 also commonly used). 



Fig. 27-4 



v#'v»i ©' c«p*c'Unct ft m micro 

■dr fp^Jt F«ipt*ne« «np in ehtni, 

i > 1,000 M - 1.0WJM 



DIP METER USING GERMANIUM PNP 
BIPOLAR TRANSISTOR WITH SEPARATE DIODE DETECTOR 



-»~ 



fLUQ-lS 

COIL ft* * 



-»- 



5 

r " ~ ") j- 1 *so* 






«»■ jj^ftOI 



i — 1 — i-0*. 



Fig. 27-5 
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GATE-DIP METER COVERS 1.8 - 150 MHz 




-Uci 






Jffl 




C3 



1 J* 



/77 



■-C4 I 

•ooci + 

— 9V 



h^B^i — <s 



500* 



-50|W> 



Coil data. 

frequency 
range 
(MHz) 

1.8- 3.8 
3.6- 7.3 
7.3- 14.4 
14.4- 32 
29- 64 



no. 
turns 
82 
29 
18 
7 
3Vi 



AWG 

26 enamel 
26 enamel 
22 enamel 
22 enamel 
18 tinned 



wire size 

(mm) 



winding length 
inches (mm) 



coil 
diameter 
inches (mm) 



(0.4) 
(0.4) 
(0.6) 
(0.6) 
(1.0) 



61 • 150 Hairpin of L6 no. AWG {1.3mm) wire, 5/8 
inch (16mtn) spacing, 2 3/8 Inches (60mm) 
long including coil-form pins. Tapped at 2 
inches (51mm) from ground end. 

Turns from ground-end. 1 inch (25mm) forms are Millen 
45004 available from Bursteln-Applebee 

Fig. 27-6 




COIL FOftU SAWED OFF 



DIP METER USING SILICON JUNCTION FET 



MPFI02 




Fig. 27-7 



Exetpi ml Indicattd, dwcinul 
vttutt ot ct|MCff#se# art In micro- 
farads («f jt others tn in p/cofar 
*d( (pFk ttstHtnctt »r» in ohm*. 
* - 1,000 M « 1,000,000 
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28 

Displays 



1 he sources of the following circuits are contained in the Sources section beginning on page 730. The 
figure number contained in the box of each circuit correlates to the source entry in the Sources section. 

LED Brightness Control Precision Frequency Counter (~ 1 MHz 

LED Bar/Dot Level Meter Maximum) 

60 dB Dot Mode Display Exclamation Point Display 

Bar Display with Alarm Flasher LED Bar Peak Program Meter Display 

12-Hour Clock with Gas Discharge Displays for Audio 

10 MHz Universal Counter 
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LED BRIGHTNESS CONTROL 



AMBIENT 
LIGHT 




TiOli-f Tj_ 



O.OQIjjF 



I 



TYPICAL LED DRIVE CIRCUITS 
STROBE 



■=o-@- 



DIGITAL 
SIGNALS 



CEO 



LEO 



LED 

LEO 



-WV 1- 



-Wv " 



-5V 



Fig. 28-1 

Circuit Notes 

The brightness of LED display is varied timing resistor to boost the timer's maximum 
by using a photocell in place of one timing duty cycle. The result is a brighter display in 
resistor in a 555 timer, and bypassing the other sunlight and a fainter one in the dark. 
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LED BAR/DOT LEVEL METER 



tOOn 



10k 



O I t ' " ^/^/\/^ 




Fig. 28-2 



ALL LEDs TiL 220ft 



Circuit Notes 



A simple level of power meter can be equipment with which the unit is used. Because 

arranged to give a bar or dot display for a hi-fi the unit draws some 200 mA, a power supply is 

system. Use green LEDs for to 7; yellow for 8 advisable instead of running the unit from bat- 

and red for 9 to indicate peak power. The gain teries. 
control is provided to enable calibration on the 
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60 dB DOT MODE DISPLAY 



-43 -» -M 






111) TO ilvl 
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FIEF KEF 

"ID 8IS "HI OUT ADJ HOPE 



^T 



* Optional. Shunts 100-pA auxiliary 
sink current away from LEO- #11. 



it 



-II -11 -I! 



F 1 I' ± I' ^ 



H L0 5IC H HI WT 



lift 
-V\rtr- 




3 



nt 

]* 

■V* 



1 




FT 



Fig. 28-3 



■■nix 

IIIV FillL-SCALE) 



BAR DISPLAY WITH ALARM FLASHER 




Fig. 28-4 



Full-scale causes the full bar display to 
flash. If the junction of R1 and CI is 
connected to a different LED cathode, 
the display will flash when that LED 
lights, and at any higher input signal. 
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12-HOUR CLOCK WITH GAS DISCHARGE DISPLAYS 



■-VW- 



"I ^-5/w- 



»1 k 
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« e 
8 310U; 



*> t %4<< 3 ' " 



DeO* D4D3O201 



a e c o e t a 



Fig. 28-5 




PRECISION FREQUENCY COUNTER (~1 MHz MAXIMUM) 



Fig. 28-6 
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EXCLAMATION POINT DISPLAY 




"no 



Fig. 28-7 



1 kHz pulM r*ti »T 10% duly cytlt 



LED* liflhi up *% Nivnwtd with the 
upper lit LED tndiciimg the tctutl input 
wltige. The display eppean to increase 
rtfQMion *nd _ pfOvid« «n analog indica- 
tion of ovtr range. 



LED BAR PEAK PROGRAM METER DISPLAY FOR AUDIO 



O +V. REFERENCE 




Circuit Notes 

A bar column of LED s is arranged so that 
as the audio signal level increases, more LEDs 
in the column light up. The LEDs are arranged 
vertically in 6 dB steps. A fast response time 
and a one second decay time give an accurate 
response to transients and a low "flicker" 
decay characteristic. On each of the op amps 
inverting inputs is a dc reference voltage, 
which increases in 6 dB steps. All noninverting 
inputs are tied together and connected to the 
positive peak envelope of the audio signal. 
Thus, as this envelope exceeds a particular 
voltage reference, the op amp output goes high 
and the LED lights up. Also, all the LEDs 
below this are illuminated. 



Fig. 28-8 
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10 MHz UNIVERSAL COUNTER 




OVERFLOW 
INDICATOR 



Fig. 28-9 



Circuit Notes 



This is a minimum component complete 
Universal Counter. It can use input frequencies 
up to 10 MHz at INPUT A and 2 MHz at INPUT 
B. If the signal at INPUT A has a very low duty 



cycle, it may be necessary to use a 74121 
monostable multivibrator or similar circuit to 
stretch the input pulse width to be able to 
guarantee that it is at least 50 ns in duration. 
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29 
Dividers 



1 he sources of the following circuits are contained in the Sources section beginning on page 730. The 
figure number contained in the box of each circuit correlates to the source entry in the Sources section. 

CMOS Programmable Divide-by-N Counter Free Output 

Frequency Divider Chain Binary Divider Chain 

Frequency Divider with Transient Decade Frequency Divider 
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CMOS PROGRAMMABLE DIVIDE-BY-N COUNTER 




CD40I 7A 



M_|l S|jM M— II U— H Jl— ■■ **-— « U-x" 




Circuit Notes 

A single connection change permits divi- 
sion by any integer between 2 and 10. The RCA 
CD4017A Johnson decade counter is shown 
connected as a divide by 7 counter. The resis- 
tor is used to hold the reset line low. When the 
appropriate number is reached, that output and 
the reset line are driven high, resetting the 
counter. To divide by other integers, pin 15 
should be connected to the desired output. For 
example, pin 1 for a divide by 3, or pin 7 for a 
divide by 3. The output of the divider appears 
on the line. 

Fig. 29-1 



FREQUENCY DIVIDER CHAIN 




680 A 



12N2647 



.01*1 F 



IOA 



JOOkA. 



sus 



M00WI 
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.047 
*JF 

;ion. 



"+20V 

•loonn. 
sus 



e 



2kHz 



IkHz 



8kH2 OSCiUATOR 
SUS-2N4989 

Fig. 29-2 



Circuit Notes 

Sawtooth output from each stage is one half frequency of preceding stage. 
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FREQUENCY DIVIDER WITH TRANSIENT FREE OUTPUT 



8kHz -4KHZ 
OSCILLATOR * 



2kHz 




_ 470 . 

to n| pF ^r^oi^F 
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pF > lOil 



+ 20V 



I00k> > 50k 



.047- 



470 
pF 



SUS 



e 



Fig. 29-3 



SUS -2N 4989 

Circuit Notes 

Spikes in the center of a sawtooth wave are eliminated in this circuit by triggering at 



gate. 



BINARY DIVIDER CHAIN 



V»l5votH 



\ f 

—Il- 
ls, 



5.6k 



:2.7k c 2.7k- 



•0 



^^-^ 



.068 




I \ 



.068 



<JT 



SUS S - 2N4967 



Fig. 29-4 



Circuit Notes 

This circuit uses fewer components than transistor flip flops. Output at "B" gives a 
transient-free waveform. 
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DECADE FREQUENCY DIVIDER 



aOUTPUT(2.5KHz) 




^OUTPUT 
(25GHz) 



.OI/tF 

NEXT 

DIVIDER 

STAGE 



OSCILLATOR 



+ 10 FREQUENCY DIVIDER-J 



Eig. 29-5 



Circuit Notes 

In the next stage, the product of R2 and C2 should be 10 x that of the preceding stage 
(±2%). R2 should be between 27K and 10 M. 

CI & C2-.0047 /iF (±1 %) 

R1-100K (±1%) 

R2-1M (±1%) 

R3— R4— IK (may need to be adjusted for variation of Rub of U[JT) 
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30 



Drivers 



1 he sources of the following circuits are contained in.the Sources section beginning on page 730 . The 
figure number contained in the box of each circuit correlates to the source entry in the Sources section. 

Driver Circuits High Speed Line Driver for Multiplexers 

50 Ohm Driver High Impedance Meter Driver 

Line Driver CRT Deflection Yoke 

High Speed Laser Diode Driver CRT Yoke Driver 

Capacitive Load Driver Solenoid Driver 

Relay Driver Coaxial Cable Driver 

Relay Driver High Speed Shield/Line Driver 

BIFET Cable Driver Relay Driver with Strobe 

Direct Dc Drive Interface of a Triac 



260 

The Real Muslims Portal 



RMPInternational.TK 



DRIVER CIRCUITS 
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Relay Driver 
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S 
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Lamp Driver 



© 



JTJTTL 



Fig. 30-1 




Speekar Driver 



Circuit Notes 

CMOS drivers for relays, lamps, speakers, etc., offers extremely low standby 
power. At Vcc = 15 V, power dissipation per package is typically 750 nW when the 
outputs are not drawing current. Thus, the drivers can be sitting out on line (a telephone 
line, for example) drawing essentially zero current until activated. 
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50 OHM DRIVER 




Circuit Notes 

To buffer a test generator to the outside 
world requires an amplifier with sufficient 
bandwidth and power handling capability. The 
circuit is a very simple unity gain buffer. It has a 
fairly high input impedance, a 50 ohm output 
impedance, a wide bandwidth, and high slew 
rate. The circuit is simply two pairs of emitter 
followers. The base emitter voltages of Ql and 
Q2 cancel out, and so do those of Q3 and Q4. 
The preset is used to zero out any small dc 
offsets due to mismatching in the. transistors. 



Fig. 30-2 
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Fig. 30-3 
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HIGH-SPEED LASER DIODE DRIVER 
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Fig. 30-4 



Circuit Notes 



A faster driver can supply higher peak gate current to switch the VN64GA very 
quickly. The circuit uses a VMOS totempole stage to drive the high power switch. 



CAPACITIVE LOAD DRIVER 




TYPICAL CAPACITANCE 
LIMIT FOB VARIOUS 
IC*D RESISTORS 
-Hi, Ct UP TO 

awi ■ isoopf 
lOkii - eoosF 

WkSi - SOOpF 



Circuit Notes 

The circuit employs a 100 ohm isolation 
resistor which enables the amplifier to drive 
capacitive loads exceeding 500 pF; the resistor 
effectively isolates the high frequency feed- 
back from the load and stabilizes the circuit. 
Low frequency feedback is returned to the 
amplifier summing junction via the low pass 
filter formed by the 100 ohm serie s resistor and 
the load capacitance. Cl. 



Fig. 30-5 
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RELAY DRIVER 



INPUTS g 




30V 



Fig. 30-6 



BIFET CABLE DRIVER 



CABLE 
LOA(s 




CAPACITIVE LOAD STABILITY OP «yH» MAKI t IT 
AM 101 AL INTERFACE BETWEEN BIFET OF AMPS 
ANO SHIELDED CABLES' 

NOTE: TO MAINTAIN ACCURACY IN THE BUFFER 
flt > Ikn IS RECOMMENDED. 



Fig. 30-8 



RELAY DRIVER 




HIGH SPEED LINE 
DRIVER FOR MULTIPLEXERS 




NOTE 1: STRAY CAPACITANCE AT MULTIPLEXER OUTPUT 
NODE SHOULD BE MINIMIZED TO REDUCE 
CHANNEL-TO<CHANNEL CROSSTALK. 

NOTE 1: A BUFFER WHOSE SLEW RATE It TOO (MALL WILL 
INCREASE CHANNELTO>CHANNEL CROSSTALK. 



Fig. 30-7 



Fig, 30-9 
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HIGH IMPEDANCE METER DRIVER 
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Fig. 30-10 



CRT YOKE DRIVER 



INPUT 




i»D*MP 
_ 'WO 

•COIL CURRENT l L MEASURED WITH 
TEKTRONIX CURRENT PROBE MODEL PS042 



Fig. 30-12 

Circuit Notes 

A 500 mV peak-to-peak triangular wave- 
form about ground is input to the amplifier, 
giving rise to a 100 mA peak current to the 
inductor. 



CRT DEFLECTION YOKE DRIVER 



SOLENOID DRIVER 
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Fig. 30-11 



S-3397 

Fig. 30-13 
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COAXIAL CABLE DRIVER 
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O.lnF 



0.00 IjiF 



r^^s&tH 1 -^ 
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Fig. 30-14 



HIGH SPEED SHIELD/LINE DRIVER 




T OUTPUT 
lUNTERMtNATED) 



RELAY DRIVER WITH STROBE 

v++ 



INPUTS 




O.OIpF 



Fig. 30-15 



'Absorbs inductive kickback of relay 
and protects IC from severe voltage 
transients on V++ line. 

Fig. 30-16 



DIRECT DC DRIVE 
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Fig. 30-17 
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31 



Fiber Optic Circuits 



1 he sources of the following circuits are contained in the Sources section beginning on page 730. The 
figure number contained in the box of each circuit correlates to the source entry in the Sources section. 

Fiber-Optics Half Duplex Information Link Fiber-Optic Link Repeater 

Fiber-Optic Receiver, Very High Sensitiv- Fiber-Optic Receiver, High Sensitivity, 30 

ity, Low Speed, 3 nW nW 

Fiber-Optic Link Fiber-Optic Receiver, Low Sensitivity, 300 nW 
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FIBER-OPTICS HALF DUPLEX INFORMATION LINK 



TRANSMIT SWITCH 



+ 5V 



TRANSMITTED , \^_ 
10s; V in * 1000 mvf 
SIGNAL INPUT v rz 



TRANSMITTER 
PORTION 




EMITTER 
DETECTOR 



RECEIVED 
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OUTPUT 



A1 , A2 - GA3031 
WITH SUPPLY BYPASS 
AND STABILIZATION 
CAPACITORS AS REQUIRED 



DZ800 

■m 

Q RECEIVER PORTION 



Fig. 31-1 
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FIBER-OPTIC RECEIVER, VERY HIGH SENSITIVITY, LOW SPEED, 3nW 
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Fig. 31-2 



FIBER-OPTIC LINK 
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POUT PORT 

OfTIC J 4220 

CABLE i - 



100 HQ 

rvw 



T -r 




VOUT 



Fig. 31-3 



Circuit Notes 



Fiber Optic applications require analog 
drivers and receivers operating in the 
megahertz region. This complete analog 
transmission system is suitable for optical 
communication applications up to 3.5 MHz. 
The transmitter LED is normally biased at 50 
mA operating current. The input is capacitively 



coupled and ranges from to 5 V, modulating 
the LED current from to 100 mA. The re- 
ceiver circuit is configured as a transimpe- 
danee amplifier. The photodiode with 0.5 amp 
per watt responsivity generates a 50 mV signal 
at the receiver output for 1 ^iW of light input. 



269 



The Real Muslims Portal 



RMPInternational.TK 



FIBER-OPTIC LINK REPEATER 
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Fig. 31-4 



FIBER-OPTIC RECEIVER, HIGH SENSITIVITY, 30nW 

01(jF 
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V\\ 




i-® 



3.a^* 



• ♦ ■ ■ ■ VCC=+5V 



OPTICAL-^ - 
INPUTS, 



" » 




Fig. 31-5 
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FIBER-OPTIC RECEIVER, LOW SENSITIVITY, 2 pW 
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Fig. 81-6 
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32 
Field Strength Meters 



1 he sources of the following circuits are contained in the Sources section beginning on page 730. The 
figure number contained in the box of each circuit correlates to the source entry in the Sources section. 

Low Cost Microwave Field Strength Meter Field Strength Meter - 1.5 to 150 MHz 

Sensitive Field-Strength Meter Simple Field Strength Meter 

Adjustable Sensitivity Field-Strength Untuned Field Strength Meter 

Indicator Tuned Field Strength Meter 

VOM Field Strength Meter 
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LOW COST MICROWAVE EIELD STRENGTH METER 



Range switch 



Increasing 
sensitivity 




Fig. 32-1 



Circuit Notes 



When operating, a waveguide directs 
energy onto a crystal detector. The diode 
shown is for X-band operation. The waveguide 
is a V/z inch piece of plastic tubing with the 
ends flared. The plastic is coated with an elec- 
trole ss copper so lution to provide a conducting 
surface. The dimensions are not critical. For 



calibrated readings, the meter is placed in a 
known field or else compared to a calibrated 
meter. To operate the meter, point it away 
from the signal. Switch the meter to the de- 
sired range, and adjust the zero control for a 
reading. Then point the waveguide at the sig- 
nal, and read field strength directly. 
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SENSITIVE FIELD-STRENGTH METER 






D 



Q 



€h 



RFC, 



< 



M 



SW 



I 

J 



Fig. 32-2 



Circuit Notes 

Increased sensitivity gives field strength 1,000 pF, R = 50 K pot, M = - 1 mA, D = 

reading from low power transmitters. Operat- 1N34 or 1N60 (Germanium), Q = NPN 

ing range 3-30 MHz. To operate, adjust R for Vi (RCASK3020, 2N3904 or equivalent), 
to ¥2. scale reading. RFC = 2.5 mH choke, C = 

ADJUSTABLE-SENSITIVITY FIELD-STRENGTH INDICATOR 



Antenna 



1N34 
1N34 



■\tx< 



.01 



3K. 



+4'/i-6v. o 



100K 



a +4'/i-6v 




Circuit Notes 

The LED lights if the rf field is higher 
than the pre-set field strength level. Diodes 
c should be germanium. Transistors (NPN) = 
2N2222, 2N3393, 2N3904 or equivalent. 






100K 

SENSITIVITY ADJUST 
LINEAR TAPER 



Fig. 32-3 
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FIELD STRENGTH METER - 1.5 to 150 MHz 




Fig. 32-4 



Circuit Notes 

The tuning range is determined by coil (L) est. CI = 36 pF variable, C2 = .0047 disc, D -= 

dimensions and setting of Cl, Coils can be "1N60 (germanium) and M •= 0-1 mA meter, 

plugged in for multirange use or soldered in For increased sensitivity, use 50 /aA meter, 
place if only limited frequency range is of inter- 



SIMPLE FIELD STRENGTH METER 



t ANTENNA 
I 10 -30 in. 




Circuit Notes 

The circuit is frequency selective. It has 
been used from 2 meters through 160 meters. 
The telescoping antenna may be adjusted to its 
shortest length when working at 2 meters to 
keep the needle on the scale. Meter should be a 
100 microamp to a 500 microamp movement. 
The diodes are germanium type, such as 1N34, 
etc. Silicon diodes will also work, but they are a 
bit less sensitive. 



Fig. 32-5 
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UNTUNED FIELD STRENGTH METER 



4NT 

w 



IN344 



?5mH 
RFC 



5* 
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^V"l 



■^ 



Circuit Notes 

Sensitivity is controlled by Rl and sen- 
sitivity of Meter Ml. 



Fig. 32-6 



TUNED FIELD STRENGTH METER 



ANT 




Circuit Notes 

Resonant combination of Ll and Cl are 
selected to cover frequencies desired. 



Fig. 32-7 



VOM FIELD STRENGTH METER 
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Fig. 32-8 
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33 
Filters 



1 he sources of the following circuits are contained in the Sources section beginning on page 730 . The 
figure number contained in the box of each circuit correlates to the source entry in the Sources section. 



Five-Pole Active Filter 
Digitally Tuned Low Power Active Filter 
10 kHz Sallen-Key Low-Pass Filter 
Fourth Order High-Pass Butterworth Filter 
Tunable Notch Filter to Suppress Hum 
Three Amplifier Notch Filter (or Elliptical 

Filter Building Block) 
Selectable Bandwidth Notch Filter 
4.5 MHz Notch Filter 
High Q Notch Filter 
Rejection Filter 

Notch Filter Using the /xA 4136 as a Gyrator 
1 kHz Bandpass Active Filter 
Bandpass Active Filter with 60 dB Gain 
Multiple Feedback Bandpass Filter 
Biquad RC Active Bandpass Filter 
400 Hz Low-Pass Butterworth Active Filter 
Variable Bandwidth Bandpass Active Filter 
Low-Pass Filter 
High Q Bandpass Filter 
MFB Bandpass Filter for Multichannel 

Tone Decoder 
Sallen-Key Second Order Low-Pass Filter 
Three Amplifier Active Filter 
Bandpass State Variable Filter 



Universal State Variable "Filter 

500 Hz Sallen-Key Bandpass Filter 

Filter Networks 

Equal Component Sallen-Key Low-Pass Fil- 
ter 

Biquad Filter 

Second Order State Variable Fitter (1 kHz, 
Q = 10) 

Biquad Filter 

Tunable Active Filter 

Active RC Filter for Frequencies up to 150 
kHz 

Pole Active Low-Pass Filter (Butterworth 
Maximally Flat Response) 

Speech Filter (300 Hz .3 kHz Bandpass) 

0.1 Hz to 10 Hz Bandpass Filter 

High-Pass Active Filter 

Second Order High-Pass Active Filter 

High Pass Filter (High Frequency) 

160 Hz Bandpass Filter 

Multiple Feedback Bandpass Filter (1.0 
kHz) 

20 kHz Bandpass Active Filter 

Rumble Filter Using LM387 

Scratch Filter Using LM287 
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FIVE-POLE ACTIVE FILTER 






39WH: 




ode 

1MB 

SOdfl 
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The above realization of a type 03 receive filter is ac- 
complished using eight OP-08's. As can be seen from the 
response curve, the >30dB attenuation In the stop band re- 
quirement has been met. In addition, the noise performance 
of <0dBRn has been measured. One of the unique features 
of the OP-08 is its low supply current of 600j*A maximum. 
Thus the total supply drain for alt eight op amps is only 
4.8mA. 



10kHr 
IkMll 



Fig. 33-1 
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DIGITALLY TUNED LOW POWER ACTIVE FILTER 



100 Id! 
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INPUT 



100k!! 



O— -WV — f 



Fig. 33-2 
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OUTPUT 



Circuit Notes 

Constant gain, constant Q, variable fre- quency will be 235 Hz and 23.5 Hz for high and 

quency filter which provides simultaneous low logic inputs respectively, Q = 100, and 

low-pass, bandpass, and high-pass outputs. gain = 100. 
With the component values shown, center fre- 



fe = center frequency — 



2wRC 



10 kHz SALLEN-KEY LOW-PASS FILTER 



O- — VnV- 



4 VW- 
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OMM^ — *— a — O 

-|jX^ 

OOlVf 



Fig. 33-3 
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FOURTH ORDER HIGH-PASS BUTTERWORTH FILTER 




OVqut 



• Corner frequency (f^l = 



' 1 J_ 

R1R2C2 * 2w 



V RVR2' 



C* 



1 
2^ 



• Passband gain <H > = (1 + R4/R3H1 + R47R3') 

• First stage Q= 1.31 

• Second stage Q = 0.541 

• Circuit shown uses closest 5% tolerance resistor values for a filter with a corner frequency of 1 kHz 
and a passband gain of 10 

Fig. 33-4 



TUNABLE NOTCH FILTER TO SUPPRESS HUM 



620 k« 



6(R, + R 2 ) 
C C C 



4.7 k£2 




20 m 



75 in ~~f~ 



■^ I -12 V 



INPUT 
(SIGNAL 
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in 

OUTPUT 
{SIGNAL 
, WITHOUT HUM) 



Fig. 33-5 



2,2 kfl 



C = 0.M7jiF *10% 



Circuit Notes 



This narrow -stop-band filter can be tuned or other unwanted. signals by at least 30 dB. 
by the pot to place the notch at any frequency Because the circuit uses wide -tolerance parts, 
from 45 to 90 Hz, It attenuates power-line hum it is inexpensive to build. 
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THREE-AMPLIFIER NOTCH FILTER 
(OR ELLIPTIC FILTER BUILDING BLOCK) 




"IK 

v w O " f W+ 



V UT (*"> 



Circuit Synthm Equation 



D ,. °- 1M = „ c D 0159 xf„ 

f o C xf' notth 

R C 

H ° (BR) I f « W " ^ H ° ,BR) ! 1 » Wch * F 



• F or nothing but • notch output: Rjn-B.C'-C. 



Fig. 33-6 



SELECTABLE BANDWIDTH NOTCH FILTER 
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-Vll\r 
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— vw — 




Mv„l 




UNITY-GAIN 
AMPLIFIER 



-2 Vi * 3 kV 



* 



'* \ 



L_ 



Fig. 33-7 



Circuit Notes 

This notch filter, which operates at up to jected. RC components determine filter's 
200 kHz, uses a modified Wien bridge to select center frequency, PI selects notch bandwidth, 
bandwidth over which frequencies are re- Notch depth is fixed at about 60 dB. 
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4.5 MHz NOTCH FILTER 



ci ci 

150pF 160 pF 



INPUT 



-HhHh 




O OUTPUT 



Fig. 33-8 



Circuit 

Component value sensitivity is extremely 
critical, as are temperature coefficients and 
matching of the components. Best performance 
is attained when perfectly matched compo- 
nents are used and when the gain of the 



Notes 

amplifier is unity. To illustrate, the quality fac- 
tor Q is very high as amplifier gain approaches 
1 with all components matched (in fact, 
theoretically it approaches «=) but decreases to 
about 12.5 with the amplifier gain, at 0.98, 



HIGH Q NOTCH FILTER 

© » 



fll HI 

10 MEG It MEG 

■A/VS> • W V- 



MS+F • 



i 



5 MEG 




<o " 



t 



CI 

tn »f 



C2 

271 |rf 



SfiTcT 

HI • R2 » 2 R] 

CI • a • ^ 













illlll 








1 / TWW"T~ 






W'<\ 


limtf 




m 

3 -?0 






■1 


rwm T" 

1 L..J_J_l. 




< 




















1 ^ 


MHi 


















-H 















IB 



IK 



FREQUENCY (Hi) 



Response of High and Low Q Notch Filter 



Fig. 33-9 



Circuit Notes 



A shows a twin-T network connected to an 
LM102 to form a high Q, 60 Hz notch filter. The 
junction of R3 and C3, which is normally con- 
nected to ground, is bootstrapped to the output 
of the follower. Because the output of the fol- 
lower is a very low impedance, neither the 



depth nor the frequency of the notch change; 
however, the Q is raised in proportion to the 
amount of signal fed back to R3 and C3. B 
shows the response of a normal twin-T and the 
response with the follower added. 
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REJECTION FILTER 




INPUT 



OUTPUT 



Fig. 33-10 

Circuit Notes 

This narrowband filter using the 741 oper- nents in accordance with the formula: 
ational amplifier can provide up to 60 dB of „ 1 

rejection. With resistors equal to 100 K and 



F = 



2ttRC 

capacitors equal to 320 pF, the circuit will re- To obtain rejections better than 40 dB, resis- 
ject 50 Hz. Frequencies within the range 1 Hz tors should be matched to 0.1% and capacitors 
to 10 kHz may be rejected by selecting compo- to 1%. 



NOTCH FILTER USING THE /zA4136 AS A GYRATOR 
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Fig. 33-11 
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390 k 



Fig. 33-12 



1 kHz BANDPASS ACTIVE FILTER 
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BANDPASS ACTIVE FILTER WITH 60 dB GAIN 
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— for metal package only. 



Active Filter Frequency Response 
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Fig. 33-13 
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MULTIPLE FEEDBACK BANDPASS FILTER 



f = center frequency 
BW = Bandwidth 

r in ua 

C in mF 




Cl " C2 » "T 



R1 - R2 
-R3 = 9Q 



•--'. ) 



us* scaling factors in these expressions 



It source impedance Is high or varies, filter may be preceded 
with voltage follower buffer to stabilize filter parameters, 



Fig. 33-14 



Design example: 

given: O - 5, l - 1 KHi 

LetRI = R2 - 10 k» 
then R3 - 9<6) 2 - 10 
R3 = 216 kil 
5 
C - T = 1 8 nf 



BIQUAD RC ACTIVE BANDPASS FILTER 
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A v » 100 140 m 



Fig. 33-15 
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400 Hz LOW-PASS BUTTERWORTH ACTIVE FILTER 
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Fig. 33-16 
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VARIABLE BANDWIDTH BANDPASS ACTIVE FILTER 
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Fig. 33-17 
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Circuit Notes 

This circuit has adjustable bandwidth with values for a center frequency of about 800 
Hz. The 10 K pot adjusts bandwidth from approximately ±350 Hz to ±140 Hz at 3 dB 
down points. 
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LOW-PASS FILTER 




OUT 



Fig. 33-18 



01, D2, D3, D4— HEP R0050 C2— 2.2juF 
C1— lOOjiF. 50V electrolytic R1— lOkfl, 1/2W 

Circuit Notes 

This nonlinear, passive filter circuit re- unwanted ripple, provided the ripple level is 
jects ripple (or unwanted butiairly steady fairly constant. The circuit has characteristics 
voltage) without appreciably affecting the rise similar to two peak-detecting sample-and-hold 
time of a signal. The circuit works best when circuits in tandem with a voltage averager, 
the signal level is considerably lower than the 



HIGH Q BANDPASS FILTER 



"mO-^VW » - '> 




•=■ -1SY 



• By adding positive feedback (R2I 
Q increases to 40 

• f B p-100kHz 



Vqut . 



KK/Q 



• Clean layout recommended 

• Response to a 1 Vp-p tone burst: 
300 p% 



Fig. 33-19 
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MFB BANDPASS FILTER FOR MULTICHANNEL TONE DECODER 
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Fig. 33-20 
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IN R1 



O — /^/ 4 AV^— > 



SALLEN-KEY SECOND ORDER LOW-PASS FILTER 

NOTES: 



C2 



R2 



ci^: 




OUT 

— o 



1. Make Rj = R2 
1 



2. fc = 



2 Ri^EfC? 



3. Q"'^ 2 



Fig. 33-21 



THREE AMPLIFIER ACTIVE FILTER 



-*iAAr- 




I 



13 KR 



-WV- 

•4 



- <„ - tK Hi 
H.-» 









•AND 



1 lo. H„ « -3- 



»0 - 7« OIW 



S»)„0 



Fig. 33-22 
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">■>,, 



HIGH-PASS 



BAND-PASS 



LOW-PASS 



Bod* pioti of Active Filter Output 



Circuit Notes 

The active filter is a state variable filter with bandpass, high-pass and low-pass 
outputs. It is a classical analog computer method of implementing a filter using three 
amplifiers and only two capacitors. 
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BANDPASS STATE VARIABLE FILTER 



-OVqUT 




f D = CENTER FREQUENCY = 1/2 n R c 

Qo = QUALITY FACTOR = R ^ * Rz 

H - GAIN AT RESONANCE = R 2 /Ri 
R 3 = R 4 * 10* I1 a 



Qo, IS ADJUSTABLE BY VARYING R2 
fo, IS ADJUSTABLE BY VARYING R OR C 



Fig. 33-23 



UNIVERSAL STATE VARIABLE FILTER 



INPUT 




Fig. 33-24 



HIGH PASS 
OUTPUT 

For circuit- shown: _ 

f = 3 kHz. f NOTCH " 9 -5 kHz 
Q = 3.4 
Passband gain: 

Highpass — 0.1 

Bandpass — 1 

Lowpass — 1 

Notch - 10 

• f x Q < 200 kHz 

• 10V peak sinusoidal output swing without slew limiting to 200 kHz 

• See LM348 data sheet for design equations 



NOTCH 
OUTPUT 
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500 Hz SALLEN-KEY BANDPASS FILTER 
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Fig. 33-25 



FILTER NETWORKS 





i. 


*J» 


Vi 




- 




2 








^9 




' — 1 Z 1 


Vols) 


1.4 X 10* 

* 



Vi <s> Zts) +■ 2r e 

1.4 X 104 



Z NETWORK 



C VA H(- 



O Y#r- 



L C 

HI — o 



FILTER 
TYPE 



LOW PASS 



HIGH PASS 



BAND PASS 



BAND REJECT 



Vo Is) TRANSFER 
Vi Is) FUNCTION 



1.4X10" 



1.4X10* 



s + 1/RC 



1.4 X 10* 



si + R/LJ+ VLC 



1.4 X 10* 



an + 1/LC 
82 + 1/LC+s/RC 



Z(S) +■ 32 



In thB nitworKl above. Ihe R valua us«d Is 
BASIC CONFIGURATION «Muro«l to Include 2r,, or approximately 32a 



Fig. 33.26 
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EQUAL COMPONENT SALLEN-KEY LOW-PASS FILTER 
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6 10 60 100 

FREQUENCY (kHz) 



Fig. 33-27 



Equal R, Equal C Sallen-Key Response 



BIQUAD FILTER 




Circuit Notes 

The biquad filter, while appearing very 
similar to the state- variable filter, has a 
bandwidth that is fixed regardless of center 
frequency. This type of filter is useful in appli- 
cations such as spectrum analyzers, which re- 
quire a filter with a fixed bandwidth. 



Fig. 33-28 
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SECOND ORDER STATE VARIABLE FILTER (1 kHz, Q = 10) 




NOTES; 1. MAKE RiO| = R2C2 

1 

2/7R-|Ci 



Fig. 33-29 



BIQUAD FILTER 



#- 



CI 

-If- 



Hi 



v„f 




I Notch Output 



Tgp - Cvntw Fraquancv G*lr 
T w - Paiibind N«tch Gain 



A - laokfi 

C - 0.001 »f 
HI ■ I.CMft 

na - 1.« mr 

fli- 1.IMO 



Fig. 33-30 
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TUNABLE ACTIVE FILTER 



VSA, 

100k 

BAND-PASS 

(HI-PASS °?. 01 ?OUT 



mm " m 100k _ 
o—frAAAJ- 

0.01 



LO-PASS 
-OOUT 



°: 1 NOTCH 
]| OOUT 




-12 
OVdc 



Fig. 33-31 



Circuit Notes 

The high-pass and low-pass outputs cov- output. The potentiometers must have a re- 
ering the range of 300 Hz to 3000 Hz have been verse log taper. Fixed-frequency active filter 
summed in the fourth op amp to provide a notch eenter.frequency is 1 kHz, with a Q of 50. 



ACTIVE RC FILTER FOR FREQUENCIES UP TO 150 kHz 

ii « 

wv 



r— f * , S C R 
i-VA yf t-+— Wr^ 1| |-JM~ 
r '_ .•„-_..'_ i 



■W- 



H>- 



TAAM0 "^ ! 1/ 

^ lj£: 

B = 10kO 

Thli frequency rang* can t» extended to JOOkHj it a feed forward capacitor i> connected 

between pin 5 and B. 



1 Frequency 


1 
2*RC 




Vp Supply voltage 


e 


V 


Fitter performance 






O atT**25'C 


40 to 56 




Q atTA = -30tQ+S5 - C 


35 10 5S 




Vi Input voltage 


400 


mv 


V Output voltage 


400 


mv 


•Sim Distortion at V - 3S0mV 


2 


* 


S/N S7N ratio at V„ = 400mV 


50 


dB 


Rs Input resistor* 


470 


W) 


•NOTE 






Value o! input resistor to be determined tor — -». o.SO 


1.1. 





Fig. 33-32 
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POLE ACTIVE LOW-PASS FILTER 
(BUTTERWORTH MAXIMALLY FLAT RESPONSE) 

RESPONSE OF 3-POLE ACTIVE 
ok BUTTERWORTH 

MAXIMALLY FLAT FILTER 



; toK 
i — vw- 






tOOpF 



f - IKHi 

*-t— o 



I" 



i,066 11.0032 



'Reference— EDN Dec. 15, 1970 
Simplify 3-Po1e Active Filler Design 
A. Paul Brokow 



Fig. 33-33 
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100 300 1K 3K 

FREQUENCY — Hj 



10K 



SPEECH FILTER (300 Hz .3 kHz BANDPASS) 
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Fig. 33-34 
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0.1 Hz TO 10 Hz BANDPASS FILTER 



225kSi 
V|N o— vw 4 ■wv 

Z25kil 

0.0SuF 




VOUT 



Fig. 33-35 



HIGH-PASS ACTIVE FILTER 




lar ftfd liiHjwitiHt Utility. 



Fig. 33-36 



HIGH-PASS FILTER 
(HIGH FREQUENCY) 



VlNO- 



Cl 




O V 0UT 



"• \RlfljC,C2| 
IF C1 « 02 " 0, THEN 



Hi "1 Q 



Ki pF n ii 

BOOR 210 2.06K r.UK 0.71 



Fig. 33-38 



SECOND ORDER 
HIGH-PASS ACTIVE FILTER 



160 Hz BANDPASS FILTER 



INPUT U" 

o |h- 



10k 



C3= 

0.0611 




OUTPUT 
O 






I00K I00K 

.■Wv— - — » ^pV*>~— 



"x: 



OZmF 



.0l,iF Ol^F 




•VALUES ARE FOR lOfcHi CUTOFF. USE 
METALIZEO FOLYCAA80MATB CAPACITORS 
FOR OOOD TEMPERATURE STABILITY. 



r 




4 yA 741 
OP-AMP 



Fig. 33-37 



Fig. 33-39 
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MULTIPLE FEEDBACK 
BANDPASS FILTER (1.0 kHz) 



INCUT* WV 




with Q- 10 BJ-1M " -16V 

IN) A H„( » t R5 - 300 k 

C • 0.01 jit 



Fig. 33-40 



RUMBLE FILTER USING LM387 




viNo-jHH 



♦rO^aiT 



5L0PE ' -Mi«/0CTAV£ 

A * -1 
THD < 0.1S 



Fig. 33-42 



20 kHz BANDPASS ACTIVE FILTER 




SCRATCH FILTER USING LM387 



«k 



Vino — WwHH' 



C4 R| H] 

11 



4-oVo^t 




■©"OUT 



f c ■ lOkHi 

SLOPE • -11N/0CTAVE 



A - -1 
f„ - ZOkKi 
Q - 10 
THD < 0.1% 



Fig. 33-41 



Fig. 33-43 
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34 



Flashers and Blinkers 



1 he sources of the following circuits are contained in the Sources section beginning on page 730. The 
figure number contained in the box of each circuit correlates to the source entry in the Sources section. 



Auto, Boat, or Barricade Flasher 

Fiip-Fbp Flasher 

Flashlight Finder 

Low Frequency Lamp Flasher/Relay Driver 

Low Cost Ring Counter 

Ring Counter for Incandescent Lamps 

Dual LED CMOS Flasher 

Automatic Safety Flasher 

Neon Blinker 

Transistorized Flasher 

Flasher/Light Control 

Neon Tube Flasher 

Dc Flasher with Adjustable On and Off Time 



Low Voltage Flasher 

1 A Lamp Flasher 

Fast Blinker 

3 V Flasher 

Incandescent Bulb Flasher 

Flasher for 4 Parallel LEDs 

LED Booster 

Safe, High Voltage Flasher 

Alternating Flasher 

Variable Flasher 

Emergency Lantern/Flasher 

High Efficiency Parallel Circuit Flasher 

Minimum Power Flasher 
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+ 12V » 



Ci 
4 /XF/I5V 



AUTO, BOAT, OR BARRICADE FLASHER 




*. GE 
(J)#H073 



note: all res(STors 1/2 watt 



LAMP 



SCR2 

CI06Y TYPE I 

{ON HEATSINK) 



Fig. 34-1 



Circuit Notes 

Because of its ability to withstand the heavy brush currents, this incandescent lamp 
flasher uses the C106 SCR. With the components shown, the flash rate is adjustable by 
potentiometer R3 within the range of 36 flashes per minute to 160 flashes per minute. 



FLIP-FLOP FLASHER 



LAMP 

12V ewi 

CENTRE / 
CONTACT 



R3; 

ik < 



C3 
470 fiF 

eft- 1 

] TIP32A 



R4< 

1k ' 



LAMP 
12V 6W 



-ve 

-r 



LAMP 
12V 6W 



C4 
-470 nF 



X 



CENTRE «• 

CONTACT CENTRE / 
CONTACT 



+12V 

T lamp! 

R1 Sfl2 12V 6W 

1-Sk StJK X 

1 T\ 



4£> 

TIP32A 1 4-12 V 



470 (iF 



T 8FY52 



NEGATIVE earth version 




Q3Q4 
,e 



C2 
470 ,iF 



P\ 



CENTRE 
CONTACT 



■ BFY52^"1 



01 
POSITIVE earth version 02 



Fig. 34-2 



Circuit Notes 



The flashing action is provided by a simple astable multivibrator timed to give a 
flashing rate of about 60 flashes for each lamp per minute. Circuit for positive earth 
systems uses NPN transistors. The other uses PNP transistors. 
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FLASHLIGHT FINDER 



SLIDE SWITCH 



RING CONTACT ON 
BULB ASSEMBLY 



CASE COMMON 

Z7" 



TON I I t 



CONTACT STRIP PASSES 
(INSULATEDI THROUGH 
CASE. BOTTOM 



Not*: LM3909, Capacitor, and LED are Installed in a White Trans- 
lucent Cap on the Flashlight's Back End. Only One Contact Strip 
(in Addition to the Case Connection) is Needed for Flasher Power. 
Drawing Current Through the Bulb Simplifies Wiring and Causes 
Negligible Loss Since Bulb Resistance Cold is Typically Lass than 2 SI 




r\ 



TRANSLUCENT 



HH 



w 



<S: 



x 



Note: Winking LED Inside, Locates Light in Total Darkness 



SHORT IS FOR 
SINGLE CELL LIGHTS 



Fig. 34-3 



LOW FREQUENCY LAMP FLASHER/RELAY DRIVER 




5V 

o 




o 



© 



Its 



in 



f- 



-IV 

1 



0.38 RC 




10V 

9 



-NrNAr 



q 




1.4 RC 



a) Split Supplies 



bt Single Supply 



Circuit Notes 



This circuit is a low frequency warning device. The output of the oscillator is a 
square wave that is used to drive lamps or small relays. The circuit alternately flashes 
two incandescent lamps. 
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LOW COST RING COUNTER 



+E 



40^ SEC 

<ne 



^ 



-°+E 



029A4 



•Ik 



:lk 



•Ik 



1 3N8 ^L ci3 



.1/iF 

IkS 10k 



I0k3 



2N34I5 



CI3 CI3 C |3 

^p..05 ^ps.0s[ t*Q5 



:r- 05 , :r 



I? 



Fig. 34-5 



i 



:470fl 



Circuit Notes 

This ring counter makes an efficient, low cost circuit featuring automatic resetting 
via the first stage 3N84. As many stages .as desired may be cascaded. 




RING COUNTER FOR INCANDESCENT LAMPS 

+7V 



:3.3k 



* WNr- 

22k 



(I 



2N5354 



2N5354 







1 1 .01 



y. oi 



r^M — I |— wv— I 

• I | ( 1|, \ I \ { I 

1 



22k 22k 

r 







^ 



L.7fl I 



22k 390 ! 



H(- 










:: oi 







SUS-2N4990 SUS-2N4986 



^ 



CLEAR 
AND SET 



Fig. 34-6 
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DUALLED CMOS FLASHER 



ici-i : r 



4069 

OR 

74C04 



10 MEG 
ICI-ta 

3r\ « 



ICI-c 

5f\ e 




+5 TO 15V 



^ 



00 



IC1-d LED LEO 



7 470£1 



Fig. 34-7 



Circuit Notes 

Inverters ICl-a and ICl-b form a multivi- 
brator and ICl-c is a buffer. Inverter ICl-d is 
connected so that its output is opposite that of 
ICl-c; when pin 6 is high, then pin 8 is low and 
vice versa. Because pins 6 and 8 are constantly 
changing state, first one LED and then the 
other is on since they are connected in reverse. 
The light seems to jump back and forth be- 
tween the LED's.The 470-ohm resistor limits 
LED current. Depending upon the supply vol- 
tage used, the value of the resistor may have to 
be changed to obtain maximum light output. To 
change the switching rate, change the value of 
the capacitor. 



PCI 



R3 * 1 2K 



Q1 2N366 



AUTOMATIC SAFETY FLASHER 
CI 



BASE j 



R1>53K 




COLLECTOR 



EMITTER 



L1 = No. 47 lype 6.3-voK bulb 
Q1 =2N366 
Q2 = 2N464 



Tit 



30mfd 



Q22N464 



R2 BASE/ 

470 a 



COLLECTOR , 



ff7 6VOL 



6VOLTS 



EMITTER 



m 



Fig. 34-8 



Circuit Notes 



This flasher only comes on at night. It 
furnishes a bright nighttime illumination, and 
shuts itself off automatically as soon as the sun 



comes up. The photocell must be mounted on 
top of the unit in such a way as to detect the 
greatest amount of available light. 
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NEON BLINKER 



R1 



2K 



Ci 

H 

lOmfd 



R2330K 




012N464 j COLLECTOR 
BASE 



EMITTER 



-d'lT 



6 VOLTS 



Fig. 34-9 



Circuit Notes 

The universal output transformer and the transistor form a low-frequency oscil- 
lator. The rate of flashing of the neon bulb is determined by potentiometer Rl. 



CI 



R2 
220k 



TRANSISTORIZED FLASHER 



Q1 
2N2904 



-0+6V 



Rl 
2.2k 



R3 
lOOil 



1 
6V 

2W 



^ 



Q2 
2N1613 



1 



*0V 



Circuit Notes 

This simple circuit will flash a 6 volt lamp 
at a rate determined by the size of capacitor CI. 
It is most economical on power as it only draws 
current when the lamp is on. When the lamp is 
off, both transistors are biased off. 



Fig. 34-10 
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FLASHER/LIGHT CONTROL 




Parts List 



CI — 20-mfd, 6-volt 

elec troly tic. capacitor 
II — 6-volt, GE No. J 850 

lamp and socket 
Ql — GE-X8 transistor 
Q2 — GE-X9 transistor 
Rl — lOOK-ohm, 2- watt 

potentiometer 
R2, R3 — 5.6K-ohm, 1/2-watt 

resistor 
R4— 1.2K-ohm, 1/2-watt 

resistor 
Battery — 6-volt dry pack 



Fig. 34-11 



Circuit Nates 



The circuit is a two-stage, direct-coupled transistor amplifier connected as a 
free -running multivibrator. Both the flash duration and flash interval can be changed by 
turning the potentiometer, Rl, 



NEON TUBE FLASHER 




HZ 

lOtolOCfc 
- (See text) 



C2 



01 

1N4001 
BY 126 



T6,3» Of ©240v CD 

£-M — y 



-o 



NEON 



2N2646 V -T j (l \ 

> Rl +f^, BC108 03 

>330U b^f BC108 



Fig. 34-12 



■J?. 



2N2646 



Circuit 

The voltage required to ignite the neon 
tube is obtained by using an ordinary filament 
transformer (240-6.3 V) in reverse. Battery 
drain is quite low, around 1 to 2 milliamps for a 
nine volt battery. The pulses from Ql, uni- 
junction transistor, operated as a relaxation 
oscillator and are applied to Q2 which in tum 



Notes 

drives Q3 into saturation. The sharp rise in 
current through the 6.3 V winding of the trans- 
former as Q3 goes into saturation induces a 
high voltage in the secondary winding causing 
the neon to flash. The diode Dl protects the 
transistor from high voltage spikes -generated 
when switching currents in the transformer. 
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DC FLASHER WITH ADJUSTABLE ON AND OFF TIME 



R 

I50K 

"OFF 






\£) 



DT230F 1'. 



6 TO 
12V 



-» ■■*' 




CR 2 
GE AI4F 



*IOfiF. 15V 
i(— 



i-AWr 



-*-GE 
+ AI1F 



SCR 2 
CIO602 



Fig. 34-13 



* NON POLARIZED 

ALL RESISTORS - 1/2 WATT 

FLASH RATE AND DWELL TIME ADJUSTED BY R| AND R z 

Circuit Notes 

This circuit utilizes a power flip-flop and programmable unijunction (PUT) to obtain 
adjustable on and off times. 



LOW VOLTAGE FLASHER 



390 mA 
@3.ZV 



of 



4.6V 
DC 



SCFt r 
CI060 



R 8 - 

■ik ; 



■S.8K 



"3 

2200 



C| 
25^F* 



^ 



SCR2I 
COY t 




I00 M F 



LAMP OFF . .5 - .6 SEC 
LAMP ON * 100 mSEC 
* NON POLARIZED 



:r 4 

•47K 



:*5 
• 220K 



Circuit Notes 



Fig. 34-14 



Applying voltage to the circuit triggers 
SCR1. With SCRl on, the voltage on the anode 
of SCR2 rises until SCR2 triggers to commu- 
tate SCRl. The voltage on the gate of -SCRl 
will swing negative at this time, and only after a 



positive potential of » 0.5 volt is once again 
attained, will SCRl retrigger. The circuit could 
be used for higher voltage levels, but the peak 
negative voltage on the gate of SCRl must be 
limited to less than 6 volts. 
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1 A LAMP FLASHER 



Q2 
LMUS 




Fig. 34-15 



3 V FLASHER 




=_3V 



Note: Nominal Flash Rate: 

1 Hz. Average 'dr^IN " 0.77 mA 

Fig. 34-17 



FAST BLINKER 




INCANDESCENT BULB FLASHER 



+ 6V 



■zr 1.5 V 



=47 



















8 \i |. 




) 






5 




LM3909 






1 

400 pF 


2 |3 J4 




- 71+ ' 





Note: Nominal Flash Rate: 

2.6 Hz. Average I DRAIN = 1 - 2 

Fig. 34-16 



Note: Flash Rate: 1.5 Hz 



Fig. 34-18 
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FLASHER FOR 4 PARALLEL LEDs 






39 



W7 V^- 1 '■ 



"*#■ 



-VA— . 



J 13 4 



llOOuF 
750 3 V 



Fig. 34-19 



Note: Nomina) Flash Rata: 

1.3 Hz. Average 'rjFtftiN = 2 mA 



SAFE, HIGH VOLTAGE FLASHER 



43K 

I* 

5-100 V 



■#- 



|8 [» 



i fi" 



■7 VOLT LIMIT 



iLlMuF 

"IV 



Fig. 34-21 



LED BOOSTER 



ALTERNATING FLASHER 




:o-vw-r 



Note: High efficiency, 4 mA drain 

Note: Continuous Appearing Light Obtained By 

Supplying Short, High Current, Pulses (2 kHz) 
to LEDs With Higher Than Battery Voltage 
Available. 

Fig. 34-20 



®- 



*^h Lad 



* dl 1*_ 



T? p" 



* C 2 

;400»F 



Fig. 34-22 
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VARIABLE FLASHER 




■AVt 



Note: Flash Rate; 0-20 Hz 

Fig. 34-23 



HIGH EFFICIENCY 
PARALLEL CIRCUIT FLASHER 






■AlW— i 



39 



„40*F 
"3 V I 
8 7 



39 



39 

-VW— 



5000 ,jF 
750 3 V 



Not*: Nominal Flash Rate: 

1.5 Hz. Average I^rain = 1.5 mA 



Fig. 34-25 



EMERGENCY LANTERN/FLASHER 



MINIMUM POWER FLASHER (1.5 V) 



75 



200 ^iF 
3Y 



Tlf- 



i lz 



© 



HP5082«6&ei 



^ 



HQ 



LIGHT 
NSDU01 



• 75 



~ja |7 



-)k 



p T* 



i-1 5 V 



FLASH 

Note: Nominal Flash Rate: 1.5 Hz 



Fig. 34-24 



Note: Nominal Flash Rate: 1.1 Hz. Average 'DRAIN 
- 0.32 mA 

Fig. 34-26 
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Frequency Measuring Circuits 



1 he sources of the following circuits are contained in the Sources section beginning on page 730. The 
figure number contained in the box of each circuit correlates to the source entry in the Sources section. 

Inexpensive Frequency Counter/ Linear Frequency Meter 

Tachometer Power-Line Frequency Meter 

Audio Frequency Meter 
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INEXPENSIVE FREQUENCY COUNTER/TACHOMETER 

V' t B VQLTI 




OWE CV 



-JX> 



i L>— o4i> 



eouMrwwr«— 



FO 



OVTZ17 
COUMt 



J£3W 



"U 



TJ" 



Fig. 35-1 



Circuit Notes 



This circuit uses the low power ICM7555 
(C MOS 555 ) to generate the gating, STORE 
and RESET signals. To provide the gating sig- 
nal, the timer is configured as an astable mul- 



tivibrator. The system is calibrated by using a 5 
M potentiometer for Ra as a coarse control and 
a 1 jk potentiometer for Re as a fine control. 
CD40106B's are used as a monostable mul- 
tivibrator and reset time delay. 



Fig. 35-2 



LINEAR FREQUENCY METER (AUDIO SPECTRUM) 



iwirt : 






rttOyFdO *MQE iin 
\Q »Q WOO 




„. * „ riMt 

^ k v Ht*ltT0f« 

■" -" ion m 



WMI KlKCTQ* 



— j irr~ 



jn-TLTi 



C*^i 



t I 



Jmkl 

~ HI Tf R 



pirrTfiiKTiATDn 



■ QlfO -fftltt T.HftlCI 



Circuit Notes 



The 555 is used in a monostable multivibrator circuit that puts out a fixed timewidth 
pulse, which is triggered by the unknown input frequency. 
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IOOK 

aw 



POWER-LINE FREQUENCY METER 

022 M F IN9I4 



110 TO 240VAC 
10 TO IOOH; 



Fig. 35-3 



-)h 



IN3829A 
6 8V 

l W 



IN9>4 



e 



100mA 



5K 

CAL 



Circuit Notes 

The meter will indicate the frequency rent is averaged by the diodes. The average 



from a power generator. Incoming sine waves 
are converted to square waves by the 100 K 
resistor and the 6.8 V zener. The square wave 
is differentiated by the capacitor and the cur- 



current is almost exactly proportional to the 
frequency -and can be read directly on a 100 mA 
meter. To calibrate, hook the circuit up to a 60 
Hz poweraline and adjust the 5 K pot to read 60 
mA. 



AF 
INPUT °~ 



Fig. 35-4 



ffi 



AUDIO FREQUENCY METER 




R2 
1K 



Dl 
IN4148 



+9 to 12 Vdc 
p 



01* 
<| — vw- 



d 



R3 
1K 



J. 



CI" 
,.01mF 



D, 



R4 

JC2 — VW 



555 



C2 

560pF 



m ft? 

*Rl: 1 meg 100K 10K 
RANGE: SO 500 5000 

(Hz) 
*»C1 : POLYSTYRENE OR SILVER-MICA 



C4 
8.2 «F 



R5 
V 200K6 



**2« 
-I ^ 1 

\<$ 0-50 



ft? 



m 



Circuit Notes 

The meter uses time averaging to produce a direct current that is proportional to the 
frequency of the input signal. 
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Frequency Multipliers 



1 he sources of the following circuits are contained in the Sources section beginning on page 730. The 
figure number contained in the box of each circuit correlates to the source entry in the Sources section. 

Broadband FrequencyDoubler Low-Frequency Doubler 

Frequency Doubler Oscillator with Double Frequency 

150 to 300 MHz Doubler Output 
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BROADBAND FREQUENCY DOUBLER 



Hf 



IK 

-vw 



51 

si 
-VA- 



■„ CWujI O" 



, — 1=; 



& 



Fig. 36-1 



L_AAAr— « 

t_ 



m 



2(2) J<11 

7(1) 

id m •(«) 

. LM1SS6 
1(1] Will 

4W ' 10(14! S(S) 



10K «? SI < 51 



*12 He 

o 



* 



-O Aytfl fi» 2 ^t 



I I -Av«» d«2 wt 



^wrndfti in BjnjiMhnei ihow DIP 



Circuit Notes 

This circuit will double low-level signals amplifier. Levels to 50 mV peak may be used 

with low distortion. The value of C should be with some distortion of the output waveform. If 

chosen for low reactance at the operating fre- a larger input signal is available, a resistive 

quency. Signal level at the carrier input must divider may be used at the carrier input with 

be less than 25 mV peak to maintain operation full signal applied to the signal input, 
in the linear region of the switching differential 



FREQUENCY DOUBLER 



-VAr 



XTT 



Fig. 36-2 




-I 
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Fig. 36-3 



150 TO 300 MHz DOUBLER 



vcc 



■T --WV » » ♦ — I 

r t'„JL 




BDMH; 
OUTPUT 



6 - ,k LI -1TUHNAWG 

NO 18WIBE, M2'ID 



Fig. 36-4 



LOW-FREQUENCY DOUBLER 







•L '«*' 



— ]£ — * ■ — rtftV 

INPUT ^lSVdc, If 

l&iWiiitnl MAX 



lOOuF 

2i*£ ol 



£S 



HC1S96 
MCH9E 



Mk 




- ' »EE ± 



»EE 
* -I Vdi 



Fig. 36-5 



OSCILLATOR WITH DOUBLE FREQUENCY OUTPUT 



567 • 
3 « 6 3 



d 



10K 



iinnr»o 




■sTLTVs 
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Frequency-to- 
Voltage Converters 



1 he sources of the following circuits are contained in the Sources section beginning on page 730 . The 
figure number contained in the box of each circuit correlates to the source entry in the Sources section. 

DC- 10 kHz Frequency/ Voitage Converter F/V Conversion, TTL Input 

Frequency-to- Voltage Converter Frequency-to-Voltage Converter with2- 
Zener Regulated Frequency-to-Voltage Pole Butterworth Filter to Reduce Rip- 

Converter pie 

Simple Frequency-to-Voltage Converter Precision Frequency-to-Voltage Converter 
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DC- 10 kHz FREQUENCY/VOLTAGE CONVERTER 



FREQUENCY 

INPUT 




OPTIONAL IF BUFFER IS NEEDED 
K =9400 



Fig. 37-1 



Circuit Notes 



The converter generates an output vol- 
tage which is linearly proportional to the input 
frequency waveform. Each zero crossing at the 
comparator's input causes a precise amount of 
change to be dispensed into the op amp's sum- 
ming junction. This charge in turn flows 



through the feedback resistor generating vol- 
tage pulses at the output of the op amp. 
Capacitor (Cint) across Rint averages these 
pulses into a dc voltage which is linearly pro- 
portional to the input frequency. 
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FREQUENCY-TO- VOLT AGE CONVERTER 
(DIGITAL FREQUENCY METER) 



*3 t.7 K 
T f VA — WV-f 




QAM AOWST* 



o 



+5 V F 




'CALIBRATE AT 1000 COUNTS 



o 



RANGE 

2 kHz 

20 kHz 

200 kHz 

2 MHz 
20 MHz 



.082 jUF 

.0082 /IF 

820 pF 

82 pF 

8.2 pF 



Fig. 37-2 



Circuit Notes 



This circuit converts frequency to voltage 
by taking the average dc value of the pulses 
from the 74121 rnonostable multivibrator. The 
one shot is triggered by the positive-going ac 
signal at the input of the 529 comparator, The 
amplifier acts as a dc filter, and also provides 



zeroing. The accuracy is 2% over a 5 decade 
range. The input signal to the comparator 
should Jbe greater than 0.1 volt peak-to-peak, 
and less than 12 volts peak-to-peak for proper 
operation. 
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SIMPLE FREQUENCY-TO- VOLTAGE 
CONVERTER (10 kHz FULL-SCALE, 
±0.006% NON-LINEARITY) 



im—\\- 



> 10* I, > *i 

> I' > 6.114 1 1' 

» 1 ;| — h 1 



ilk 




inr^t f™ 1 



*DUT" 'ill "•■■"» ^"IWll 
K 1 



•Use stable components with low temperature coefficients, 



Fig. 37-4 



FREQUENCY-TO- VOLT AGE 
CONVERTER WITH 2-POLE 
BUTTERWORTH FILTER TO 
REDUCE RIPPLE 



Vcc 

o 



rfl 



'POLE ' 



0,707 
2irRC 



^RESPONSE ' 



!L_ " mwvJ-4| 



2» f POLE j~~ 

IMuF —+, IM{ 



Vqut 



Fig. 37-6 



F/V CONVERSION, TTL INPUT 



PRECISION FREQUENCY-TO-VOLTAGE 
CONVERTER (10 kHz FULIVSCALE 
WITH 2-POLE FILTER, ±0.01% 
NON-LINEARITY MAXIMUM) 




•Vg.' *4.SVT0 '2111 



»«Ht- 



Ilk >i* 



|—Ar\^r— I 



"| 1- 

It >Mh;IK' 

It, 

Xtii.f 




^r 



-WV f "" v PtfT 



•«•$ ±i«" f i ?"*«. 






rt< 



Fig. 37-5 



•Use liable eomporwitt with low t«mp«reture coeffictanti 

Fig. 37-7 
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Fuzz Circuits 



J. he sources of the following circuits are contained in the Sources section beginning on page 730. The 
figure number contained in the box of each circuit correlates to the source entry in the Sources section. 

Fuzz Box 1 Fuzz Box 4 

Fuzz Box 2 Fuzz Box 5 

Fuzz Box 3 Guitar Fuzz 



319 

The Real Muslims Portal 



RMPInternational.TK 



FUZZ BOX 1 




Fig. 3S-1 



©+9V 



OUTPUT 

ANY SILICON 

DIODES CAN BE 

USED 

ie. 1N414S, 1N914 



Circuit Notes 

The input signal is amplified by the trans- capacitor. The 1 M pot adjusts the intensity of 



istors. The distorted output is then clipped by 
the two diodes and the high frequency noise is 
filtered from the circuit via the 500 pF 



the fuzz from maximum to no fuzz (normal 
playing). 



FUZZ BOX 2 




Hi" 

< OUTPUT 



B1-1.5-VAA battery 

01, 03-0.1-uF, 50-VDC capacitor 

C2-4.7-uF, 10-VDC electrolytic 

capacitor 
Q1, Q2-pnp transistor-HEP-632 
HI, R6-22,000-ohm, %-watt 

resistor 
R2-18,000-ohm, %-watt resistor 
R3-l-megohm pot 
R4— 100,000-ohm, Vi-watt resistor 
R5, R7-10,000-ohm, V4-watt 

resistor 
R8-50 ( 0OO*ohm pot 
S1-Spst switch 



Fig. 38-2 



Circuit Notes 

Potentiometer R3 sets the degree of fuzz, and R8 sets the output level. Since the 
fuzz effect cannot be completely eliminated by R3, fuzz-free sound requires a bypass 
switch from the input to output terminals. 
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FUZZ BOX 3 



Fig. 38-3 




*o/p 



Circuit Notes 



Ql and Q2 form a voltage amplifier which 
has sufficient gain to be overdriven by a.rela- 
t ively low input, such as an electric guitar. The 
result is that the output from Q2 is a Squared- 
Off verson of the input, giving the required fuzz 
sound. RV1 adjusts the amount of negative 



feedback inserted into the circuit by C2, and 
thus the amount of squaring of the signal. The 
purpose of R3 and R4 is to lower the output 
voltage to a suitable level, which is then ad- 
justed as required with the volume control 
VR2. 



FUZZ BOX 4 



10k LIN. 

JJ wv- 

220k 



4.7jiF 



-AW it 

22k 



® 4? 
BC10S. 
ETC 



4.7j,F 

50,1 >-* ill ° 



Fig. 38-4 



FUZZ 10ktt LIN 



O/PVOL. 
SOkR LOG. 



Circuit Notes 

None of the components are particularly critical in value or quality, as distortion is 
the sole object! The transistor could be BC107-8-9, 2N2926, etc. 
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FUZZ BOX 5 




Fig. 38-5 



"SWITCHED ON Vf SK? CONTACTS I SEE TEXTI 

Circuit Diagram 
Circuit Notes 



Transistors Ql and £12 amplify the in- 
coming signal, and the gain is such that the 
input will overload when used with an electric 
guitar. RV1 adjusts the amount of feedback 



present, and hence voltage gain. The output is, 
therefore, a squared version of the input signal. 
The amount of squaring is varied by RVl. 



GUITAK FUZZ 



mm* 




Fig. 38-6 



Circuit Notes 



The 741 has a maximum gain of 20,000, 
but the circuit is so designed that the IC's gain 
is 2,700,000 which then distorts the output. 
This distortion gives the fuzz effect. The two 



diodes clip the output to drop the level, also 
lowered by the potential divider. This circuit 
also sustains the notes, due to clipping, giving a 
totally new sound. 
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Games 



1 he sources of the following circuits are contained in the Sources section beginning on page 730. The 
figure number contained in the box of each circuit correlates to the source entry in the Sources section. 

Ready, Set, Go! Heads or Tails 

Electronic Dice Pot Shot 

Game Roller or Chase Circuit Low Cost Heads or Tails 

Toss-A-Coin Binary Box Who Is First 

Electronic Coin Tosser Windicator 
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READY, SET, GOI 



Dl 

o— W- 

PLAY 

_LCLR 

02 

y °— w- 



+ o- 



m 



i?. 



.01 

LR 10M 



IK 






10M 



IK 



cunxi 



PLAY 

l~CLR 

D3 



"1/4010 



10M 



IK 



PLAY 

I — o o— 
J_CLR 

D4 



L^Soio 



PLAY 

HclrI !0M 



1 LED4 
10M IK »> 

■<— AA/\ — | pWV W~ 3_ 

H> II 7 ' 

1^4010 

LEDS 




LED3 



D9 



DS 

ii o— h- 

PLAY 

XclfT 

D6 

* O— «- 
PLAY 



10M 1K ,f 

— w\< — 1 pw\ — W— i 
U^oio ^ 



TOM 



IK 



4010 



r-A/W 



LED6 
—I 
D12 



TOOK 



Fig. 39-1 



Circuit Notes 



This game tests a player's reaction time. 
It is activated by closing switch SI, which 
starts the tone generator and arms the circuit. 
The touchplate, labeled PLAY in the diagram, 
consists of two metal strips about l/16th-inch 
apart. The first player to bridge the gap with his 



or her finger turns off the tone and lights the 
associated LED indicator. A second 
touchplate, labeled CLR in the diagram, clears 
the circuit, extinguishing the LED, when its 
gap is bridged by a fingertip. 
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ELECTRONIC DICE 



IC2 
t pin 14 



FX43 3 - 




v I ^ 






390R 

WNA- 



"^^^-{^^^-A^ 



390R 

W\A— * 1 1 " 

*K *K *a[ ^][ *A *i 

T T T T T 4 




LED1-7 



•OV 



NOTE 

LEDI-7areTIL209 or equivalent 

IC1 il 7400 

IC2ia 7493 

IC3 14 74 02 

Ql gen purp. PNP Jcm»>50mA 

PBI is normally closed 



© 


O 


0©0 


© © 

LED ARRANGEMENT 



Fig. 39-2 



Circuit Notes 

Six LEDs are arranged to produce a dis- IC 2 counts from zero and resets on seven, 

play the same as the dots on adice. When PBI is When PBI is released, the display is enabled 

depressed, the display is blanked and the os- and a decoding system (IC3) produces the cor- 

cillator (IC1 a, b, c) clocks IC2 at about 1MHz. rect output on the LEDs. 
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GAME ROLLER OR CHASE CIRCUIT 





74154 
4-LINE 

TO 

16 -LINE 

DECODER 



12 18 19 



Fig. 39-3 



LED1 



16 —4 

LED's 



us 

3 
4 
5 
6 
7 
B 
9 
10 
11 
13 
14 
15 



r^LED 16- 
17 



5- 



>+5V 



The 555 timer produces a rapid series of 
pulses whenever switch SI is open. These 
pulses are counted in groups of 16 and con- 
verted into binary form by the 7493 and applied 
to the 74154 (a l-of-16 decoder/demultiplexer) 
wired so that each of its 16 output lines goes 



Circuit Notes 

low sequentially and in step with the binary 
count delivered by the 7493. When the switch 
is closed, only one LED remains on. Only one 
current limiting resistor (R3) is used for all the 
LED's since only one is on at any one time. 
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TOSS-A-COIN BINARY BOX 



TOUCHPOINTS 
g "-r-JTOSS 




? 



+9V. 
14 13 12 11 10 9 8 



?' 



14 13 12 11 10 9 8 



LW kjl 



^ r°T 



L^>J k3^J 



12 3 4 5 6 7 

4061 QUAD AND ■=■ 



wP^i r°r 



12 3 4 5 6 7 

4011 QUAD NANO 4= 



Fig. 39-4 



Circuit Notes 



Circuit uses an astable multivibrator to that the flip-flop's state is changed once for 

vary the heads-or-tails condition, and a flip-flop each full cycle the multivibrator goes through 

to store the condition given by the multivi- to assure an absolutely even 50-50 chance of a 

brator. Consequently, the circuit is wired so heads or tails loss. 
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ELECTRONIC COIN TOSSER 



O^ 



or 

RQ052 



R1 
150k!l 
— "Wi— 



; C1 
0.22 W F 



- a 1 a - 



PB1 



-AAV- 
R4 

1 5M!i 



R2 
1501(11 



LP1 

ME-2 



01— HEP H00S2 
C1— 22fiF 
C2— 0.47*iF 

R1. R3. R3— 150k!!, IV,' 
R4— 1 5MU. 1W 
PH1— PusHbul'nn. 
L3laye11e34Pn?047V 



R3 
150W1 

^ C2 

CW7^F 

LP2 
NE-2 



Fig. 39-5 



Circuit Notes 

The circuit shown simulates the flipping of a coin by merely pushing switch PB1. 



HEADS OR TAILS 



I 



NOTE: 
tC1 IS 40JJ 
6 ra1 LED1.2 ARE ANY LED 

PUSH TO .. 



B>-r-H)E> 




-OV DO (3-18V] 



^I3>^ 




rS r> *BIL. 
< Sn»A 



-Oov 



Fig. 39-6 



Circuit Notes 

This ultra-simple heads or tails indicator will oscillate, i.e. toss the coin. The astable 

uses a single 4077 and no capacitor. frequency is approximately 5-10 MHz. PBl is a 

The circuit is normally in a latched bista- normally closed switch. 
ble mode; when the switch is closed the circuit 
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POT SHOT 



HV1 100k (in 




NOTE 

ICl IS 4022 

IC2IS4011 

LED1-8 ABETIL209 



IG2 
PIN7 



C2 , 
2u2 ' 



m 



■> 



ntn 



yK2 

TOk 



-O IC2PIN14 



Fig. 39-7 



Circuit Notes 

This is a circuit for a game of the shooting display is blanked for a few seconds signifying a 

gallery variety. IC2a and b form an astable hit. Otherwise, the LED which was lit remains 

multivibrator clocking ICl which causes LEDs lit. When the push button is released, C2 dis- 

1-8 to flash in turn LED 5 is the target LED and charges through ~R2 taking 8 pin 13 low again 

the object of the game is to depress PBIjust as and the LEDs will start to flash again. 
LED 5 comes on. If this is done, the whole 



LOW COST "HEADS OR TAILS" 



ICl- SN7400 



HEADS OH TAILS- 



tOt* 1 





. :<eoa 

(^ £)TIL209 



_I 



($)TH.SL09 



Circuit Notes 

SI must be a push-to-make, release-to-break, switch. 



Fig. 39-8 
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WHO IS FIRST 



115Vac 




220K 
AAA, . 



Ss_ 



Z^Z 0.47 M F 



XL 



I 



■+- 



etc. 






CONTESTANTS 



JUDGE 



Fig. 39-9 



Circuit Notes 



Here is a circuit for any question-and- on the parallel neons (the other contestants) 
answer party game. The first button pushed below the ionization level: determining un- 
ionizes the neon bulb dropping the dc voltage equivocally the first person to press the button. 



WINDICATOR 




Fig. 39-10 



4 00 

N/0 
PUSH 
fffj BUTTONS 



Circuit Notes 



Two TTL ICs and a handful of other com- 
ponents are all that is needed for a circuit" that 
will indicate which of four buttons was pressed 
first, as well as lock out all other entries. A 



logic at one of the Q outputs, lights the ap- 
propriate LED and locks out other entries by 
taking the clock input low. 
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Gas/Vapor Detectors 



1 he sources of the following circuits are contained in the Sources section beginning on page 730. The 
figure number contained in the box of each circuit correlates to the source «ntry in the Sources section. 

Gas and Smoke Detector Ionization Chamber Smoke Detector 

Ionization Chamber Smoke Detector 
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GAS AND SMOKE DETECTOR 



cV 



120 Vn 



I00K 



-oS>-tf\p- 



© 




Fig. 40-1 



Circuit Notes 

This circuit can detect smoke and a tion occurs when the -gas concentration in- 
cumber of gases (CO, CO2, methane, coal gas crease causes a decrease of the sensor element 
and others) with a 10 ppm sensitivity. It uses a internal resistance. The switch in series with 
heated surface semiconductor sensor. Detec- the SCR is used for resetting the alarm. 



IONIZATION CHAMBER SMOKE DETECTOR 



LOW-BATTERY CIRCUIT 



IONIZATION 
CHAMBER r 




ifujit.ii'f 



H: DELTA 12 VDC 
16002933 



Fig. 40-2 



Circuit Notes 

Battery-operated, ionization chamber MC14572 for two alarm oscillators (smoke and 

smoke detector includes a circuit to generate a low battery). This circuit additionally uses five 

unique alarm when the battery reaches the end discrete transistors as buffers and com- 

of its useful life. The circuit uses the MCMOS parators. 
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IONIZATION CHAMBER SMOKE DETECTOR 



LOW-BATTERY CIRCUIT 




R17 
470 k 



MPSA70 

RIG 
2N6088^ R16 1M 

1.2 M 



C3 
^0.1 



*— |[2N5087 + |c 



IONIZATION 
CHAMBER £$T\ 



MFE824 




04 

25i/F 



C5 
^0.1 



Rl, 
«e 300 kM 




-0+12.5 V 



VDC 



MPS A 14 



Fig. 40-3 

Circuit Notes 

If the smoke alarm signal must be a continuous one rather than pulsating, then the 
slightly less expensive, all discrete transistor version of the MC14572 may be used. 
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41 
Indicators 



1 he sources of the following circuits are contained in the Sources section beginning on page 730. The 
figure number contained in the box of each circuit correlates to the source entry in the Sources section. 

Ten-Step Voltage-Level Indicator Five-Step Voltage-Level Indicator 

Beat Frequency Indicator Visible Voltage Indicator 

Three-Step Level Indicator Voltage Level Detector 

Indicator and Alarm Zero Center Indicator for FM Receivers 

Visual Zero-Beat Indicator 
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TEN-STEP VOLTAGE-LEVEL INDICATOR 



vcc 



(3) 



ANALOG 
INPUT 



R1* 



(4) 



R2 

100 kn 



(6) 



TL490C qi 



Q2 



ANALOG 
INPUT 



CASCADE 



Q3 



Q4 



Q5 



Q6 



Q7 



Q8 



Q9 



Q10 



(8) 



R 



19) 



■JWr 



(10) 



-Wv- 



(11) 



-vw- 



(12) 



-VA- 



(14) 



-Wr- 



t15) 



-VW- 



(16) 



-VW- 



-vw- 



(2! 



■Wr 



(13) 






ft 

li- 
ft 

H4- 

tt 
-to- 
ff 



v + 



Fig. 4M 



Circuit Notes 



This ten-step adjustable analog level de- cators, pressure indicators, and temperature 



lector is capable oi sinking up to 40 milliam 
peres at each output. The voltage range at the 
input pin should range from to 2 volts. Cir- 
cuits of this type are useful as liquid-level indi- 



indicators. They may also be used with a set of 
active filters to provide a visual indication of 
harmonic content of audio signals. 
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INPUT 
FREQUENCIES 



EXCLUSIVE-OR 
GATES: 7486 




Fig. 41-2 



BEAT FREQUENCY INDICATOR 



?p220pF 



5V ' — VT — \jiO| — n 






-COUNTER 
COUNT 



COUNT , 

DOWN 

CLEAR 



,-p220pF 



I 



Circuit Notes 



"^ 



-# 






This circuit uses LEDs to display the beat 
frequency of two-tone oscillators. Only one 
LED is on at a time, and the apparent rotation of 
the dot is an exact indication of the best fre- 



quency. When fl is greater than f2, a dot of light 
rotates clockwise; when fl is less than £2, the 
dot rotates counterclockwise; and when fl 
equals £2, there is no rotation. 



THREE-STEP LEVEL INDICATOR 



h — ^| — r — y*£ 

^jj — . — ys$- 



* 



-y>s$- 



Fig. 41-3 



Circuit Notes 



This circuit makes a very compact level 
indicator where a meter would be impractical 
or not justified due to cost. Resistor values will 
depend on type of LED used. For MV50 LEDs 
the resistors are 2 K for steps of approx 2 V and 



current drain with all three LEDs on of 5 mA. 
The chain can be extended but current drain 
increases rapidly and the first LED carries all 
the current drawn from the supply. 
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INDICATOR AND ALARM 




\/y I/!/ T/V j/y y 



13 



T~n 



T7 



0V-1.2V 



Circuit Notes 

Full-Scale changes display from dot to bar. 



Fig. 41-4 



Gk 
"BRIGHTNESS" 



LM3914 

HEf «EF 

v + Rlo SIG r HI OUT A OJ MO BE 

~ir~E 





3¥ 



*The input to the Dot-Bar Switch may 
be taken from cathodes of other LEDs. 
Display will change to bar as-soon as 
the LED so selected begins to light. 



FIVE-STEP VOLTAGE-LEVEL INDICATOR 



ANALOG 

INPUT 



HI* 



vcc 



4 1 * 

HZ 1 

'"'"Ic, 

'■p 26 J. F 



T 



ff 

-W- 



tt 
-W- 



tt 

-W- 

tr 

-w- 



-w- 



R4 
-VNAr- 



R4 



R4 
-VSAr- 



R4 



R4 
-W»- 



* R1 is ohatan to #mur» Biai ttia voltaga aerots R2 *l I 
than 8 rata. Normally it anil b» at to 1 rait. 



Fig. 41-5 



Circuit Notes 



This circuit provides a visual indication of 
the input analog voltage level. It has a high 
input impedance at pin 8 and open-collector 
outputs capable of sinking up to 40 milliam- 
peres. It is suitable for driving a linear array of 



5 LEDs to indicate the level is 5 steps. The 
voltage at the analog input should be in the 
range of zero to approximately one volt and 
should never exceed eight volts. 
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VISIBLE VOLTAGE INDICATOR 




&*" 



,LM3: 



"XV&J 



**HEF 3 




a+svoc 



Y,IMS: 



100 I ™ * 



^REF* 






oVWf-V^ 






f «¥DC 




%LM: 



Fig. 41-6 °^T±^ 



>^ 



VOLTAGE LEVEL DETECTOR 



V|N 



V REF1 



V BBF2 



V REF3 



VREF4 




Fig. 41-8 



ZERO CENTER INDICATOR FOR FM RECEIVERS 



Fig. 41-7 



I00K , 
FROM DETECTOR • wi — -*• 




BIPOLAR. LED 



Circuit Notes 

To adjust, tune in a station and adjust the 1 M pot for a null. Then ask the station to 
modulate and fine adjust so modulation peaks don't light the LEDs. Stations are properly 
tuned when neither LED is lit. 
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VISUAL ZERO-BEAT INDICATOR 



50- 100 ft 




AUDIO IN 
(1 - 3 V pk-pk) 



LEDs: FAIRCHILD FLV-100 RED, 

OR MONSANTO MV-5094 RED/RED, 
OR MONSANTO MV-5491 RED/GREEN 



Fig. 4L9 



Circuit Notes 

Light-emitting diodes connected with re- 
verse polarity provide a visual indication of 
zero-beat frequency. Each LED is on for only 
half a cycle of the input. When the input fre- 
quency is more than 1 kilohertz away from the 
zero-beat frequency, both LEDs appear to be 
on all the time. As the input frequency comes 
within about 20 hertz of zero beat, the LEDs 
will flicker until zero beat is reached. Both 
LEDs glow or flicker until zero beat is reached, 
when they go out. 
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42 



Infrared Circuits 



1 he sources of the following circuits are contained in the Sources section beginning on page 730. The 
figure number contained in the box of each circuit correlates to the source entry in the Sources section. 

IR Type Data Link IR Transmitter 

IR Remote Control Transmitter/Receiver Remote Loudspeaker Via IR Link 

Compact IR Receiver Proximity Detector 
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IR TYPE DATA LINK 



LOADS 
fiV O «> 

r^i'i-i'H^n 




BOTTOM VIEW 



m -- Load decoupling 

H2 -Syncllmer;R2 = R2s470k 

0.7 CB 
R3 - Preamp decoupling 
R5 - Photodlode decoupling 
Ci - Photodiode decoupling 

C2 " V BIAS *ws» 

C3 - V + bypass 

04 - Load decoupling 

CS - IF bypass; optional 

06 - Syne timer; 08 = _5™°., CSs0.5|.F 

0.7 fa 
C7 - Pteamp decoupling 
09 - AGO 

T1 - 455 kHz preamp transformer 

Toko* 10 6ZC type (RMC-5021B2), Ou <■ 1 10 

Pin 1 -2, 82T; pin 2-3, 82T 

Pin 1-3, 164T; pin 4-6, 30T 
T2 - 455 kHz IF transformer 

Toko* 10 EZC type (BMC-402503), Ou = 1 10 

Pin 1-2, 997: pin 2-3, B6T 

Pin 1-3, 164T; pin 4-6, ST 
T3 - 455 kHz input transformer 

Toko* 10 ETC type (RMC-202313), Ou s t10 

Pin 1-2, 131T; pin 2-3, 33T 

Pin 1-3, 164T; pin 4-0, 5T 
Oi - PN or PIN Silicon Pnofodiode 



Phowdlode, D1 



Active Area (cm 3 ) 



VTS 5088 
VTS 6089 
PIN 60 or 6 DP 
PIN 220 OP 
BPY 12 
* Toko America, Inc. 

5520 West Touny Ave. 

Skokle, 111. 00077 

(312)677-3540 Tlx 72-4372 



Vactec 

Vactec 

UDT 

UDT 

Siemens 



0.18 

0.52 

0.20 

2.0 

0.20 




Input Stag* Where the Cat* of D1 Is 



Connected to tha Anoda 



Fig. 42-1 
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asopF 



IR REMOTE CONTROL TRANSMITTER/ RECEIVER 

<-9V *16V *1SV 




Fig. 42-2 



Circuit Notes 



The circuit is designed to operate at 25 off. The receiver circuit consists of a three 

kHz. The data stream turns the 2N4401 hard on stage amplifier with photo diodes arrayed for 

or off depending upon the coded state. This in maximum coverage of the reception area. The 

turn switches the series infrared LEDs on and range of this set-upshould be about 10 meters. 



Fig. 42-3 



COMPACT IR RECEIVER 
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S» 4 

KIYMD 



tttri 



CI J- 



IR TRANSMITTER 



i» 



{» 
I* 




j^l. 










Fig. 42-4 



ft/tt 



Circuit Notes 



This -simple infra-red transmitter, where 
the PPM output from pin 2 of the SL490 is fed 
to the base of the PNP trasmitter TR1, pro- 



duces an amplified current pulse about 15 fisec 
wide. This pulse is further amplified by TR2 
and applied to the infra-red diodes Dl and D2. 



REMOTE LOUDSPEAKER VIA IR TINK 



+15 
III FILTER ^_^^ 

^ 1 PHOTO 

^PSSI ^TK DIODE 



10CmF MP 




-16 



Fig. 42-5 



343 



The Real Muslims Portal 



RMPInternational.TK 



PROXIMITY DETECTOR 



NOTE: 

IC1 ISCA3240 

Q1 IS2N3819 

02,4 ARE BC184L 

Q3IS8D140 



D1 ISPHOTODIODE 

D2 IS 1N4148 

ZD1 IS2V7 400mWZENER 

LED1 IS 3mm RED LED 

LED2 IS IS INFRA RED LED 




.22k 



\— Vvw- 



C1 
«8n 



R2 
22R 



t© 3S 



C2" 
100u 



fTfn -SEE TEXT 

INFRA-RED TRANSMITTER PHOTODIODE AMPLIFIER 



COMPARATOR 



Fig. 42-6 



Circuit Notes 



This circuit provides a means of detecting 
the presence of anything by the reflection of 
infra-red light and provides a direct digital out- 
put of object detection. By the use of modula- 
tion and high power bursts of infra-red at a very 
low duty cycle, a detection range of over a foot 
is achieved. Works on the principle of transmit- 



ting a beam of modulated infra-red light from 
the emitter diode LED2, and receiving reflec- 
tions from objects passing in front of the beam 
with a photodiode detector Dl. The circuit 
consists of an infra-red transmitter, photodiode 
amplifier, and a variable threshold comparator. 
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43 



Instrumentation Amplifiers 



1 he sources of the following circuits are contained in the Sources section beginning on page 730. The 
figure number contained in the box of each circuit correlates to the source entry in the Sources section. 



Instrumentation Amplifier 

Triple Op-Amp Instrumentation Amplifier 

Differential Input Instrumentation Amplifier 
with High CMRR 

Instrumentation Amplifier with High CMRR 

Level-Shifting Isolation Amplifier 

Variable Gam, Differential-Input Instru- 
mentation Amplifier 

Instrumentation Amplifier 

Low Signal Level, High Impedance In- 
strumentation Amplifier 

Chopper Channel Amplifier 

Battery Powered Buffer Amplifier for Stan- 
dard Cell 

Bridge Transducer Amplifier 

Instrumentation Amplifier 

Isolation Amplifier for Medical Telemetry 



High Gain Differential Instrumentation 

Amplifier 
High Impedance Bridge Amplifier 
Instrumentation Amplifier (Two Op Amp 

Design) 
Instrumentation Amplifier 
Differential Input Instrumentation Amplifier 
High Impedance Differential Amplifier 
High Speed Instrumentation Amplifier 
Very High Impedance Instrumentation 

Amplifier 
Precision FET Input Instrumentation 

Amplifier 
High Stability Thermocouple Amplifier 
High Stability Thermocouple Amplifier 
High impedance, Low Drift Instrumentation 

Amplifier 
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INSTRUMENTATION AMPLIFIER 




Fig. 43-1 



--"^(-S) 



Instrumentation amplifiers (differential 
amplifiers) are specifically designed to extract 
and amplify small differential signals from 
much larger common mode voltages. To serve 
as building blocks in instrumentation 
amplifiers, op amps must have very low offset 
voltage drift, high gain and wide bandwidth. 



Circuit Notes 

The HA-4620/5604 is suited for this applica- 
tion. The optional circuitry makes use of the 
fourth amplifier section as a shield driver which 
enhances the ac common mode rejection by 
nullifying the effects ofcapacitance-to-ground 
mismatch between input conductors. 
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TRIPLE OP-AMP INSTRUMENTATION AMPLIFIER 



VCS ■ 0.08mV 
TCVQS = 0.3^V/ C 
NOISE = O.BuVp-p 
R|N = 10OG<> 
)|M = 1.0nA 




R3 ' R4 

GAIN = 100 

GAIN LIN ' 0.002% 

SLEW RATE « 2.5Wjii« 

-PSRR - I12da 

| F SS.B2 

R4 RS 

THEN CMRR - 120dB 

ADJUST R7 FOR MAXIMUM CMRH 



Fig. 43-2 



DIFFERENTIAL INPUT INSTRUMENTATION 
AMPLIFIER WITH HIGH COMMON MODE REJECTION 




INPUTS 



+ 





R6t 
100 k 

0.1% 
■VA- 




*— OUTPUT 



R1 - R4 
Tt2 ~ R5 
R6 = R7 
t -MATCHING DETERMINES CMRR 



*v==£n 



2 R1 
R3 



Fig. 43-3 
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INSTRUMENTATION AMPLIFIER 
WITH HIGH COMMON MODE REJECTION 




5 0.02 ,.F 



'39 !! 



R2 

10 kn 



10 !! 



R1 

47 k!! 



0.05 



yf^i 



INPUTS 



R3 

10 kn ' 



R6 

100 kn ; 




R4 
47k!!> RS 
6 I 10 kit 



5 0.02 M F 

")l ' 

10 it 

0.05 nF — 



•39 n 




R1 R3 
*— OUTPUT R6 = R4 ,or best CMRR 



5 0.02 ^F 

HI— 



•270 12 



27 (2 



L - It-w^ 



0.05 M F — 



£ R 7 
> 100 kll 



R3 = R4 



R1 = R6 = 10 R3 

R6 
Gain = p7 



Fig. 43-4 



LEVEL-SHIFTING ISOLATION AMPLIFIER 



WPUT 




OUTWIT 



Fig. 43-5 



Circuit Notes 

The 2N4341 JFET is used as a level shif- suited for this type of application because 
ter between two op amps operated at different . Id=js. 
power supply voltages. The JFET is ideally 
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VARIABLE GAIN, 
DIFFERENTIAL-INPUT INSTRUMENTATION AMPLIFIER 




•OUTPUT 



. f V W • VWHHWH 

I M PH HO 

■OK I0K UK «■ 

| ■«.« 0.1* 0,1 % 



Q 



•GAM ADJUST 
A v • HH Rt 




UK 

TO 

3 MEG 



Fig. 43-6 



1 



INSTRUMENTATION AMPLIFIER 




Fig. 43-7 



O OUTPUT 
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LOW SIGNAL LEVEL, HIGH 
IMPEDANCE INSTRUMENTATION AMPLIFIER 



♦1.3 V 




VARIABLE 

22MS! "°<L 



HIGH IMPEDANCE BRIDGE 




10OKS! 

-wv— • 



1M« 

-AW- 




100K11 

— vw — ' > 



>"lMn 



VOOT 



10V -^ 



Fig. 43-8 



IMPEDANCE CONVERTER 



CHOPPER CHANNEL AMPLIFIER 



101 




SIM 

-VW- 



X 



"OVout 



_nr 



Fig. 43-9 
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BATTERY POWERED BUFFER AMPLIFIER FOR STANDARD CELL 



f 



ON/flff / 



I 9V 
I 



CI 



, R1 




OUTPUT 



Fig. 43-10 



* cannot have gate protection diode; V-th>Vqut 

Circuit Notes 

This circuit has negligible loading and disconnects the cell for low supply voltage or 
overload on output. The indicator diode extinguishes as disconnect circuitry is activated. 



BRIDGE TRANSDUCER AMPLIFIER 



O+VS 



-Wv- 

10opf 




100*0 



.01,iF 



tkfl 



•' — wv- 



-AVS^-i 



Transducer/ Preamp 
Gain 



■iHhf fHHi' ,. 




•NOTE 

Thermal compensation 

transducer (non-active) 



-O 
•o 



ImF £ <J> .1„F 
-IS +15 

JC = NE/SE5512 



Example: 

iR » S!l -i*,. = 1.SV 
Vj = +10V 



Fig. 45-11 
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INSTRUMENTATION AMPLIFIER 



Fig. 43-12 



I BIAS' -40 nA 

o 




VlN 



I BIAS ■ -40 nA 



A v - T + 



2R2 



£\y 1.BVP-P 



IGNDor 
VqS NULL) 



PD-135i-W 
Vo&(TYP|RTI-0.45mV 



Circuit Notes 



Three-amplifier circuit consumes only 
135 /a W of power from a ±1.5 V power supply. 
With a gain of 101, the instrumentation 
amplifier is ideal in sensor interface and 
biomedical preamplifier applications. The first 



stage provides all of the gain while the second 
stage is used to provide common mode rejec- 
tion and double-ended to single-ended conver- 
sion. 



ISOLATION AMPLIFIER FOR MEDICAL TELEMETRY 



SGML 
ILICTMOtS 
CQMTACTUW 

MTlfOT 




*— fc 



-J-. low optical 

-__ V01TA6E COUfUR 
"* MTTtHV - 



ne*TIM5 eucthonics 




■ OUTPUT 



Fig. 43-13 
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HIGH GAIN DIFFERENTIAL INSTRUMENTATION AMPLIFIER 

e- 



-€E=D -4 



Q : 





j» , JL -Lc, 




tt curnnt zsre 
t voltage balanca 

* gain 

t dcCMRR 

* * ac CMRH 



Fig. 43-14 



Circuit Notes 

This circuit includes input guarding, cable bootstrapping, and bias current compen- 
sation. Differential bandwidth is reduced by CI which also makes common-mode rejec- 
tion less dependent on matching of input amplifiers. 



HIGH IMPEDANCE BRIDGE AMPLIFIER 





Vq = -10V| 



Fig. 43-15 
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INSTRUMENTATION 
AMPLIFIER (TWO OP AMP DESIGN) 




_ e I vout 

SIOE"B'^I — i o 

OP22T 



VOUT- IV1-V1M1 'fa) 
U. A| ,0.006* 



Fig. 43-16 



INSTRUMENTATION AMPLIFIER 




Fig. 43-17 



DIFFERENTIAL INPUT 
INSTRUMENTATION AMPLIFIER 



I Klf-OJ Jp Wr- 



i|-*j^-ii HU 
HI 

ioomi 

O BUF«>- 



V* 

-o 

BALANCE 



corn 

0.1* 

-*av- 



R3 

won 

0.1% 




HIGH IMPEDANCE 
DIFFERENTIAL AMPLIFIER 




Fig. 43-19 



OUTPUT 
O 



sokn 
0.1* 



R4 m 
tH S5 



Fig. 43-18 



HIGH SPEED 
INSTRUMENTATION AMPLIFIER 




"i 




10k: 



Ikll *!1 



rn 




vout 
— o 



5». 51 



FOR GOOD COMMON MODE REJECTION. 



Hi R3 r 

B4A IS ADJUSTED FOR BEST CMRH. 



Fig. 43-20 



VERY HIGH IMPEDANCE 
INSTRUMENTATION AMPLIFIER 



*-d> 



^± i« pi 

Rl I 







Iim O. " 10" illO 3pF 



(ALL-RESISTORS OF SAME NUMBER SHOULD BE MATCHED ro 1%> 
(BUFFE R Al BOOSTS COMMON MODE Zm R* DRIVING CABLE SHIELDS 
AT COMMON MODE VOLTAGE ANP NEUTRALIZING CM CAPACITANCE) 



Fig. 43-21 
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PRECISION FET INPUT 
INSTRUMENTATION AMPLIFIER 



"i 

i«hn 

AAA* ■ 



-L 



V 



l«4 , AJ J>~. 




Vout ■ 1 • ff* Vm 

"0 



ICs are AD5471. 



Fig. 43-22 



NOTES 

ft* AND fta ARC i tit. i10ppn/*C 

AS AMD M ARE i1% r ifOppm^C. 

Rft r M, RT, Rl ARE A HATCHED NETWORK, 

tfl.AlS. i2ppm/"C TRACKING TC. 



HIGH STABILITY 
THERMOCOUPLE AMPLIFIER 




SENSING -/ 
JUNCTION *\ 



REFERENCE 
JUNCTION Cf 



Fig. 43-23 



HIGH STABILITY 
THERMOCOUPLE AMPLIFIER 



SENSING JUNCTION RIA 




€2tt LINE 

\RSSISTaNCE H3A 
COLD S 

REFERENCE 
JUNCTION 



Fig. 43-24 



1 



m R3 



HIGH IMPEDANCE LOW DRIFT 
INSTRUMENTATION AMPLIFIER 




VOUT 



R3 f~2FI2 "I 
Vout = — — + 1 LlV, V- +2V < Vin Common-Mode < V+ 



• System Vos adjusted via A2 Vos adjust 

• Trim R3.tg boost up CMRR to 12MB. 



Fig. 43-25 
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Light Activated Circuits 



1 he sources of the following circuits are contained in the Sources section beginning on page 730. The 
figure number contained in the box of each circuit correlates to the source entry in the Sources section. 



Pulse Generation by Interrupting a Light 

Beam 
Optical Communication System 
Four Quadrant Photo -Conductive Detector 

Amplifier 
Precision Photodiode Comparator 
Automatic Night Light 
Receiver for 50 kHz FM Optional 

Transmitter 
Photodiode Amplifier 
Optical Schmitt Trigger 



Adjustable Light Detection Switch 
Photocell Memory Switch for AC Power 

Control 
Optical Transmitter 
Light Interruption Detector 
Optical Receiver 

Light Isolated Power Relay Circuit 
Precision Photodiode Level Detector 
Light Beam Operated On-Off Relay 
Logarithmic Light Sensor 
FM (PRM) Optical Transmitter 



Light Level Sensor 
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PULSE GENERATION BY INTERRUPTING A LIGHT BEAM 



V CC - 5 V 



PROOUCT 
I 



LIGHT 

SOURCE 

ft 



I 



D 



ui 

m 

K 

o 

> 

UJ 

> 

z 

8 




OUTPUT 



Fig. 44-1 



Circuit Notes 



This circuit puts out a pulse when an ob- 
ject on the conveyor belt blocks the light 
source. The light source keeps the phototran- 
sistor turned on. This produces a high-logic- 
level voltage at the Schmitt-trigger inverter 



and a TTL-compatible low logic level at pin 5 of 
the monostable. When an object blocks the 
light, TIL81 turns off the Schmitt-trigger in- 
verter to triggers the one shot. 
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OPTICAL COMMUNICATION SYSTEM 



>+10v. 





+Vcc 





Circuit Notes 

The simple modulator stage will accorn- below this point. The purpose of Rl is to limit 

modate most common LEDs. By adjusting the the current through the LED to a safe level and 

potentiometer, the bias of the transistor is the purpose of the 10 ohm resistor is to allow a 

varied until the LED is at its half output point. portion of the modulating signal to be observed 

Then, audio will cause it to vary above and on a scope. 

Fig. 44-2 
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FOUR QUADRANT PHOTO-CONDUCTIVE DETECTOR AMPLIFIER 

+10 




© 



© 



HULL 

•±r O— W*, — 

+ 1S SOK -15 



lo(*CTIVE} > Sh* 



! ']* 'Yi J 

j II T II ) 

+ 1S _L -is 



(-.+) 



(-.-) 



(+.+) 



(+.-) 



Fig. 44-3 - phasing 

Circuit Notes 

Use this circuit to sense four quadrant motion of a light source. By proper summing 
of the signals from the X and Y axes, four quadrant output may be fed to an X-Y plotter, 
oscilloscope, or computer for simulation. IC = NE/SE5514 



359 



The Real Muslims Portal 



RMPInternational.TK 



PRECISION PHOTGDIODE COMPARATOR 



2N3708 



2N2222 



1 Ml 




OUTPUT 
TOTTL 



Fig. 44-4 



Circuit Notes 

Rl sets the comparison level. At comparison, the photodiode has less than 5 mV 
across it, decreasing dark current by an order of magnitude. IC = LM 111/211/311. 



AUTOMATIC NIGHT LIGHT 



i 



H5=0= 
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I Amp 
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Lomp(40W Max) 



IN5059 




LI4B 



IN5059 



■cioes 



Fig. 44-5 
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Circuit Notes 

During daylight hours, the L14B photo-Darlington (JEDEC registered as 2N5777 
through 2N5780) shunts all gate current to ground. At night, -the L14B effectively 
provides a high resistance, diverting the current into the gate of the C106B and turning 
on the lamp. 
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RECEIVER FOR 50 kHz FM OPTICAL TRANSMITTER 
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Fig. 44-6 



Circuit Notes 

This circuit consists of a L14G2 detector, two stages of gain, and a FM demodulator. 
Better sensitivity can be obtained using more stages of stabilized gain with AGC. 

PHOTODIODE AMPLIFIER 




FPT 102 OR C-B 
JUNCTION OF FPT 100 



R4 - 
100 il 

I Vs/v — 10,000 

R5* 

1 » -VA TOM GAIN 

1kl! ^ . nAN GE 

^o71_ SELECT 

R6" — 

R 3* 10 k! ! 10 

ioo kn 

CLl IARATF METER 1 mA 




DC GAINS = 10,000; 1,000; 100; AND 10 
BANDWIDTH = DETERMINED BY VALUE OF C, 



Fig. 44-7 
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OPTICAL SCHMITT TRIGGER 



10k 




555 
TIMER 



ORP n 



Vcc 12V 
12V relay 



Fig. 44-8 



-O 



Circuit Notes 

This circuit shows a 555 with its trigger Circuit can be used in other applications where 



and threshold inputs connected together used 
to energize a relay when the light level on a 
photoconductive cell falls below a preset value. 



a high input impedance and low output imped- 
ance are required with the minimum compo- 
nent count. 



ADJUSTABLE LIGHT DETECTION SWITCH 




Fig. 44-9 



Circuit Notes 



R2 sets the circuit's threshold. When the 
light intensity at PCI's surface is decreased, 
the resistance of PCI a cadmium-sulfide photo- 
resistor is increased. This decreases the vol- 
tage at the inverting input of the 741. When the 



reference voltage at the 741'snoninverting 
input is properly adjusted via R2, the com- 
parator will switch from low to high when PCI 
is darkened. This turns on Ql which, in turn, 
pulls in relay Kl. 
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PHOTOCELL MEMORY SWITCH FOR AC POWER CONTROL 




DUPLEX CONVENIENCE tn:rv | 
RECEPTACLE ON BACK W ' • > V 

""* M '> 

* THESE PINS MAY BE CLIPPED Off, 
If DESIRED. 



Fig. 44-10 



Circuit Notes 



Provides remote control for ac-powered 
devices by using the beam of a flashlight as a 
magic wand. The important aspect of this 
gadget is that it remembers. Activate it once to 
apply power to a device and it stays on. Acti- 



vate it a second time and power goes off. and 
stays off. It consists of a combination of a high- 
sensitivity photocell, a high-gain IC Schmitt 
trigger, and an impulse-actuated latching relay. 



OPTICAL TRANSMITTER 



DATA. 

INPUT' 




Circuit Notes 

Driver circuit uses an MC74LS04 and one 
discrete transistor. The circuit can drive the 
LED (MFOE1200) at up to 1 Mbps data rate. 



Fig. 44-11 
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LIGHT INTERRUPTION DETECTOR 




Fig. 44-12 



Circuit Notes 

When the light incident on the LASCR is interrupted, the voltage at the anode to the 
2N4990 unilateral switch goes positive on the next positive cycle of the power which in 
turn triggers the switch and the C230 SCR when the switching voltage of the unilateral 
switch is reached. This will cause the load to be energized for as long as light is not 
incident on the LASCR. 



OPTICAL RECEIVER 



COMPARATOR 




Circuit Notes 

The MFOD1100 PIN diode requires 
shielding from emi. 



Fig. 44-13 
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LIGHT ISOLATED SOLID STATE POWER RELAY CIRCUITS 



NORMALLY OPEN CONTACT 



NORMALLY CLOSED CONTACT 



120 VAC 




Fig. 44-14 



Circuit Notes 



Both circuits use the G.E. SC146B, 200 V, 
10 A Triac as load current contacts. These 
triacs are triggered by normal SBS (2N4992) 
trigger circuits, which are controlled by the 
photo-Darlington, acting through the DA806 
bridge as an ac photo switch. To operate the 



relays at other line voltages the asterisked (*) 
components are scaled to supply identical cur- 
rent. Ratings must be changed as required. 
Incandescent lamps may be used in place of the 
light emitting diodes, if desired. 



PRECISION PHOTODIODE LEVEL DETECTOR 




Circuit Notes 

For Rl = 2.5 M, R2 = R3 = 5 M. The 
output state changes at a photo diode current of 
0.5 M- 



TTL FAN-OUT ■ S 



Fig. 44-15 
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LIGHT BEAM OPERATED ON-OFF RELAY 




Fig. 44-16 



Circuit Notes 



TO 

CONTROLLED 

CIRCUIT 



PARTS LIST FOR 
COMMERCIAL KILLER 

D1— 400-PIV silicon rectifier 
K1 -117 VAC latching relay 

(Guardian IR-610L-A115 or 

equiv.) 
NE-NE-83 neon lamp 
PCI-Clairex photo cell CL505 for 

high light level; CL704 or 

CL705 photocellfor low light 

level 
R1-22,000-ohm, %-watt resistor 
R2-l-megohm potentiometer 
R3-100-ohm, W-watt resistor 
SCR1-HEP R1218, 200V, 4A, 

silicon-controlled rectifier 



When a beam of light strikes the photocell, 
the voltage across neon lamp NE-1 rises 
sharply. NE-1 turns on and fires the SCR. Kl is 
an impulse relay whose contacts stay in posi- 



tion even after coil current is removed. The 
first impulse opens Kl's contacts, the second 
impulse closes them, etc. 



LOGARITHMIC LIGHT SENSOR 



Fig. 44-17 
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FM (PRM) OPTICAL TRANSMITTER 




V,„ <-5< V IM <ZO> 



t «<30-2V 1N )KHl 



Fig. 44-18 



O-25V0C 



Circuit Notes 

The basic circuit can be operated at 80 fects. Greater output can be obtained by using a 

kHz and is limited by the RUT capacitor combi- larger capacitor, which also gives a lower 

nation. 60 kHz is the maximum modulation fre- operating frequency, or using a higher power 

quency. The pulse repetition rate is a linear output IRED such as the F5D1. Average power 

function of Vin, the modulating voltage. Lenses consumption of the transmitter circuit is less 

or reflectors minimizes stray light noise ef- than 3 watts. 



LIGHT LEVEL SENSOR 
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Fig. 44-19 
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45 



Light Controls 



1 he sources of the following circuits are contained in the Sources section beginning on page 730. The 
figure number contained in the box of each circuit correlates to the source entry in the Sources section. 



Light Dimmers 

Remote Control for Lamp or Appliance 
High Power Control for Sensitive Contacts 
Complementary Lighting Control 
Floodlamp Power Control 
Hysteresis-Free Phase Control Circuit 
Low Cost Lamp Dimmer 
Zero Point Switch 
800 W Triac Light Dimmer 
Full-Wave SCR -Control 
860 W Limited Range Low Cost Precision 
Light Control 



800 W Soft-Start Light Dimmer 

Low Loss Brightness Control 

Half-Wave Ac Phase-Controlled Circuit 

Emergency Light 

Neon Lamp Driver 

Complementary Ac Power Switching 

Battery Lantern Circuit 

Shift Register 

Light Level Controller 

2.2 W Incandescent Lamp Driver 
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LIGHT DIMMERS 




LAMP 



92CS-262J5 

(a) Single-time-constant light-dimmer circuit. 



Parts List 

120-Volt, 60-Hz 



Operation 



Ci, d -= 0.1 iiT. 200 V 
Li = 100 /iK 
Ri = 3300 ohms, 0.5 watt 
Ra = light control, poten- 



tiometer, 
0.5 watt 



0.25 megohm, 
50/60 Hz Opera- 
Ci = 0.1 pV, 400 V 



240-Volt 
tion 



Ca = 0.05 iiF, 400 V 

l, = 200 m 

Ri = 4700 ohms, 0.5 watt 
R« = light control, poten- 
tiometer, 0.25 megohm, 
1 watt 




LAMP 



9ZC5-26234 



(b) Double-time-constant light-dimmer circuit. 



Parts List 

120-Volt, 60-Hz Operation 

Ci, Cz = 0.1 pF, 200 V 

Cs = 0.1 hF, 100 V 

Li = 100 nH 

Ri s= 1000 ohms, 0.5 watt 

Ra = light control, poten- 



tiometer, 
0.5 watt 



0.1 megohm, 



240-Volt, 60-Hz Operation 

Ci = 0.1 iiF, 400 V 
Cs = 005 mF, 400 V 



C».= 0.1 iiF, 100 V 

Li = ioo an 

Ri — 7500 ohms, 2 watts 
-R* = light control, poten- 
tiometer, 0.2 megohm, 
1 watt 
Rs = 7500 ohms, 2 watts 



Fig. 45-1 

Circuit 

The two lamp-dimmer circuits differ in 
that (a) employs a single -time -constant trigger 
network and (b) uses a double-time-constant 
trigger circuit that reduces hysteresis effects 
and thereby extends the effective range of the 
light-control potentiometer. (Hysteresisre- 
fers to a difference in the control po- 
tentiometer setting at which the lamp turns on 
and the setting at which the light is extin- 



Notes 

guished.) The additional capacitor C2 in (b) 
reduces hysteresis by charging to a higher vol- 
tage than capacitor C3. During gate triggering, 
C3 discharges to form the gate current pulse. 
Capacitor C2, however, has a longer discharge 
time constant and this capacitor restores some 
of the charge removed from C3 by the gate 
current pulse. 
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REMOTE CONTROL FOR LAMP OR APPLIANCE 



LOAD RECEPTACLE 
500 WATTS MAX 



FILAMENT 
TRANSFORMER 



- Ls~~\ 



120 VAC 



Fl 
5 AMP 
"3 AG" 
FUSE 



6.3V 

I 



Tl 



LOW VOLTAGE , 
"SELL" WIRE 



Sl\° 

I 



REMOTE 
SWITCH 



120V 



Rl 
50 OHMS 
2 WATTS 



NOTE: 



GE-XIZ 
TRIAC 




MOUNT SE-XI2 ON A 
3 - 'X 3"X 1/(6" COPPER OR 
ALUMINUM COOLING FIN. 



Fig. 45-2 



Circuit 

The circuit uses the primary current of a 
small 6.3 volt filament transformer to actuate a 
triac and energize the load. When switch Si, in 
the six-volt secondary, of the transformer is 
open, a small "magnetizing" current flows 
through the primary winding. This magnetizing 
current may be large enough to trigger the 
triac. Therefore, a shunting resistor, Rl, is 
required to prevent such triggering. Rl, is ad- 



Notes 

justed for the highest resistance that will not 
cause the triac to trigger with SI open. When 
single-pole remote switch, SI, closes, the sec- 
ondary of the transformer is shorted and a high 
current flows through the 120- volt primary. 
This triggers the triac and energizes the load. 
When the triac conducts, current through the 
primary stops and thus prevents burning out 
the transformer. 



370 



The Real Muslims Portal 



RMPInternational.TK 



HIGH POWER CONTROL FOR SENSITIVE CONTACTS 




28 VAC 
SUPPLY 



o 



R1 

i— AAA<~ 

47K 



ACTUATING \ 
CONTACT T 



P 



'GK 

1K 



LOAD 



|CS-1 
AD114 



28 VAC 

SUPPLY 



AAA*— 

R1 



ACTUATING 
CONTACT 



Fig. 45-3 



I 



^CS-1 



LOAD 



' 28 V A-C 
, SUPPLY 



Circuit 

Two simple arrangementsfor resistive 
loads are shown in A & B. The circuit in A will 
provide load power when the actuating contact 
is closed, and no power when the contact is 
open. B provides the reverse of this action- 
power being supplied to the load when the 
contact is open with no load power when the 
contact is closed. If desired, both circuits can 



Notes 

be made to latch by operating with dc instead of 
the indicated ac supply. In both of these cir- 
cuits, voltage across the sensitive contacts is 
under 5 volts, and contact current is below 5 
mA. For inductive. loads, Rl would normally be 
returned to the opposite side of the load as 
shown in C. 
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COMPLEMENTARY LIGHTING CONTROL 



N0TE:C, ISNON-PDLARLZED 




V A 



VOLTS 
ACROSS 



VOLTS 

ACROSS 



TURN-ON VOLTAGE 
F0RSCR 2 



r\r\ r\[\ * 




i a /\nr\ 



-*• t 



Fig. 45-4 



This lighting-control unit will fade out one 
lamp while simultaneously increasing the light 
output of another. The two loads track each 
other accurately without adjustments. The^ate 
of SCRl, a silicon-controlled rectifier, is driven 
from a standard phase-control circuit, based, 
for example, on a unijunction transistor or a 



Circuit Notes 

diac. It controls the brightness of lamp LI di- 
rectly. Whenever SCRl is not on, a small cur- 
rent flows through LI, Dl, and Rl, permitting 
SCR2 to fire. When SCRl turns on, current 
flow ceases through Dl and Rl; the energy 
stored in CI produces a negative spike that 
turns SCR2 off. 
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FLOODLAMP POWER CONTROL 

o 



LAMP (V) LAMP (X) 



240V 
A.C. 



SWITCH 



Fig. 45-5 



D 1 D2 

t i- 1 



Circuit Notes 

When setting up photographic floodlamps, lamps to operate on half cycle power when the 



it is sometimes desirable to operate the lamps 
at lower power levels until actually ready to 
take the photograph. The circuit allows the 



switch is open, and full power, when the switch 
is closed. The diodes Dl and D2 should have a 
400 volt PIV rating at 5 amps. 



HYSTERESIS-FREE PHASE CONTROL CIRCUIT 



1 15 VAC 




SBS 2N4992 
DI.D2-GE6RS5GCILAJ! 
-COMMON CATHODE 



GE 

TRIAC 
SC40B 
SC4IB 



Fig. 45-6 



Circuit Notes 

This circuit is intended for lamp dimming (or "snap-on") effect, the capacitor is reset to 
and similar applications. It requires only one approximately volts at the end ofevery posi- 
RC phase lag network. To avoid the hysteresis tive half cycle using the gate lead. 
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LOW COST LAMP DIMMER 




Fig. 45-7 



H7VAC 



PARTS LIST FOR LO-COST LAMP DIMMER 

CI, C2-O.068-UF, 200-VDC 400 watts 

capacitor Q1 -RCA 40502 Triac 

I1-NE-2 neon lamp R1 -50,000-ohm, pot. 

12— External lamp not to exceed R2-15 ( Q00-ohm, Vi-watt resistor 

Circuit Notes 

Without a heatsink, Triac Ql handles up to a 400-watt lamp. The neon lamp does not 
trip the gate until it conducts so the lamp turns on a medium brilliance. The lamp can then 
be backed off to a soft glow. 

ZERO-POINT SWITCH 



MDA S20-7 

D1-D4 , .jyvV- f- 

R1 

3 k 
5 W 



10S to 2S0 V 

AC 

Power 
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\ ct605 Tub* (See Text) 

6 zz 



10k> 
1 W 



k D5 

MZ500- 
23 



R4 

25 k 
1 W 




Q2 
2N4870 



© 



LI 



*\ 0.1 )iF 



Ll --150 Watt Projection Lamp With 
Built-in Reflector Mirror 




Fig. 45-8 
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800 W TRIAC LIGHT DIMMER 
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Fig. 45-9 



FULL- WAVE SCR CONTROL 




Circuit Notes 

This circuit-enables a single SCR to pro- 
vide fullwave control of resistive loads. Resis- 
tor R3 should be chosen so that when poten- 
tiometer R2 is at its minimum setting, the cur- 
rent in the load is at the required minimum 
level. Diodes should have same current and 
voltage rating as the SCR. 



Fig. 45-10 
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860 WATT LIMITED-RANGE LOW COST PRECISION LIGHT CONTROL 
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L.,t.,-430W INCANDESCENT LAMP 



C, -.OVM ,25V 
C^-CVM.SSV 
NOTE: ALL flESISTANCES 

l/2w,J0% UNLESS 
OTHERWISE NOTED. 
VALUES IN PARANTHESES 
-FOR 240V 



Eig. 45-11 



Circuit Notes 



The system is designed to regulate an 860 
watt lamp load from half to full power. This is 
achieved by the controlled-half-plus-fixed- 
half-wave phase control method. Half power 



applied to an incandescent lamp results in 30% 
of the full light output. Consequently the circuit 
is designed to control the light output of the 
lamp from 30% to 100% of maximum. 



800 W SOFT-START LIGHT DIMMER 



MOA 920A 4 



115 VAC 
60 Hi 



02 



un 



J 



Load 
— Wv- 
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5.1 k 



05 , 
1N4747 
20 V 
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< 15< 
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50 K 



100 ,, /T PV Q1 

k |X T2N4S70 

^7^40(1^ 'p 0.1 MP — J C 

3 £• 



SPRAGUE 
11212 




C3 

0.1 n? sj - / 
.250 V 

Q2 



2N5569 



R6 
10 



Fig. 45-12 
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LOW LOSS BRIGHTNESS CONTROL 



sy r 



ALL RESISTORS I/2W 




GE NO, 4S4S 

4.7V .5A 



Q40DS 



Fig. 45-13 



Circuit Notes 



This circuit changes the average value of 
the dc supply voltage because of the high 
switching frequency. The tungsten lamp will 
have an almost continuous adjustable light out- 
put between and 100%. If a light emitting 



diode is used as the emitting device, the ir- 
radiance will be in phase with the applied cur- 
rent pulses and will decrease to zero when the 
supply current is zero. 



HALF WAVE AC PHASE-CONTROLLED CIRCUIT 



LOAD 




0.1 MFD 



Fig. 45-14 



POWER 



Circuit Notes 

The 5AH will trigger when the voltage across the two 0.1 ftF capacitors reaches the 
breakdown voltage of the lamp. Control can be obtained full off to 95% of the half wave 
RMS output voltage. Full power can be obtained with the addition of the switch across 
the SCR. 
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EMERGENCY LIGHT 



240/120 
VOLTS AC 



CI 

I00MF 

18 V 



Rl 
100 



6E 

CI06Y 

SCR 



OE 
1073 LAMP 



mCR2-GE A40F 

R2- CURRENT LIMITING 
AS REQUIRED 



Wl 



*— wv- 



R3 

IK 



_L+ 



12 VOLT BATTERY 



CRI 

GE AI4F 



T 



240/1201 12.6 VOLT 
TRANSFORMER 

Fig. 45-15 

Circuit 

This simple circuit provides battery oper- 
ated emergency lighting instantaneously upon 
failure of the regular ac service. When line 
power is restored, the emergency light turns 
off and the battery recharges automatically. 
The circuit is ideal for use in elevator cars, 
corridors and similar places where loss of light 
due to power failure would be undesirable. 
Completely static in operation, the circuit re- 
quires no maintenance. With ac power on, 
capacitor CI charges through rectifier CRI and 
resistor Rl to develop a negative voltage at the 



ALL RESISTORS 
1/2 WATT 
EXCEPT AS 
NOTED 

Notes 

gate of the C106Y SCR. By this means, the SCR 
is prevented from being triggered, and the 
emergency light stays off. At the same time, 
the battery is kept fully charged by rectifier 
CR2 and resistor R2. Should the ac power fail, 
CI discharges and the SCR is triggered on by 
battery power through resistor R3. The SCR 
then energizes the emergency light. Reset is 
automatic when ac is restored, because the 
peak ac line voltage biases the SCR and turns it 
off. 
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'43K 



+■ 1V =ON 
INITIALLY 10K 



INPUT 




3N65 



¥ 



NEON LAMP DRIVER 



95 TO 105V 

DC FOR LATCHING 

AC FOR NON-LATCHING 



(a.) 



I 



RESET METHODS 
X 



V" 



-IV 3 MA- FOR 
5 ja S MAX LOAD 



RESET 



62K 



(t>) 



2N2926 




Fig. 45-16 



COMPLEMENTARY AC POWER SWITCHING 



#44 



9A 



_► 6.3 Vac 
L2 



h©' 



$> 



R2 
3.3K 



CS1 
AA114 



^D 



R3?1K 



Circuit Notes 



Fig. 45-17 



CS-2 
AA115 



An input signal of less than 1 mAand 1 V is 
required to switch on CS1. As long-as this input 
-signal is maintained, CS1 will conduct during 
each positive half cycle of anode voltage, 
thereby energizing load LI with half-wave 
rectified dc. L2 remains de-energized, since 
the anode of CS1 will not go more positive than 
1.5 volts, and voltage divider R2 - R3 cannot 
provide enough voltage to trigger CS2. Upon 
removal of the input signal, CS1 will dropout. 
Ll will be de-energized, except for a small 
amount of ac current through R2 and R3. CS2 



will be triggered on at the beginning of each 
positive half-cycle, when CSl anode voltage 
reaches 2 to 3 volts. CS2 will conduct for nearly 
the entire positive half-cycle energizing L2. It 
should be noted that the 6.3 volt lamps used 
will operate at V3 the rated brilliance because of 
the controlled switch half-wave rectifying ac- 
tion^nd will extend the operating lamp life by 
several orders of magnitude. Should full bril- 
liance be desired, the anode supply voltage 
level should be raised to 9 volts ac. 
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BATTERY LANTERN CIRCUIT 
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Fig. 45-18 



SHIFT REGISTER 



-0+18V 



#330 LAMP 
SOMA 



100K . 

6~AAAc-1--- j 

FROM 

PREVIOUS 

STAGE 






SHIFT 
PULSE A 




.02 

a,2K 



INTERRUPTED 
' +15V 



100K 



'3N84 



.02 



'TO NEXT 
STAGE 



jr 1 *** 

' k * OR 



4009 
OR IN4154 



Fig. 45-19 



BASIC SHIFT REGISTER STAGE 



Circuit Notes 



The shift pulse amplitude is less than 15 
volts. If a stage is off, the shift pulse will not be 
coupled to the next stage. If it is on, the diode 
will conduct and trigger the next stage. Just 
prior to the shift pulse the anode supply is 
interrupted to turn off all stages. The stored 
capacitor charge determines which stages will 
be triggered. 



LIGHT-LEVEL CONTROLLER 




Fig. 45-20 



2.2 WATT 
INCANDESCENT LAMP DRIVER 

V 00 = .12V 



1/2 HC C /HCF 40107 B (§J ^2VI 



10MA. 

JjL — a— 



, 12V 
'2.2W 



t=0.5Hz 
■\I2 HCC'HCF 
40107 S 



10MA 



41 

0.1 juF 



Fig. 45-21 
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Light Measuring Circuits 



1 he sources of the following circuits are contained in the Sources section beginning on page 730. The 
figure number contained in the box of each circuit correlates to the source entry in the Sources section. 

Linear Light Meter Circuit Light Meter 

Logarithmic Light-Meter Circuit Light Meter 

Light Meter Precision Photodiode Comparator 



381 

The Real Muslims Portal 



RMPInternational.TK 



LINEAR LIGHT-METER CIRCUIT 

fl typically 10 Mi! 




1,000 



K». 



Circuit Notes 

This circuit uses a low-input-bias op amp 
to give a steady dc indication of light level. To 
reduce circuit sensitivity to light, Rl can be 
reduced, but should not be less than 100 K. The 
capacitor values in the circuit are chosen to 
provide a time constant sufficient to filter 
high-frequency light variations that might 
arise, for example, from fluorescent lights. 



Fig. 46-1 



LOGARITHMIC LIGHT-METER CIRCUIT 




— Battery 



Fig. 46-2 



Circuit Notes 



The meter reading isdirectly_proportiona! 
to the logarithm of the input light power. The 
logarithmic circuit behavior arises from the 
nonlineardiodepnjunctioncurrent/ voltage 
relationship. The diode in the amplifier output 



prevents output voltage from becoming nega- 
tive (thereby pegging the meter), which may 
happen at low lightlevels due to amplifier bias 
currents. Rl adjusts the meter full-scale de- 
flection, enabling the meter to be calibrated. 
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LIGHT METER 



|n |ii lis is |u In I'i n 10 |n 11 In U l« lu l« In In 




Realator value salads axposure 
112 tieiop ^solution 
Tan (/stop range |10O0:1) 
Typical supply currant Is B mA. 



Fig. 46- 



Fig. 46-4 



ZERO' 



LIGHT METER 




> + t.lViV'sW 






R7 MHO-lMpA 

7.M >< 



The Real Muslims Portal 



383 



RMPInternational.TK 



ej— I— 






LIGHT METER 






ni -St 

MM " 

at 



x< 



^ j ^SU — ^ 



MO 
A 




t«n.f 



Fig. 46-5 



* VI . .0 9 l|N =. 100 DA 
t VI « -9 24V « l tN *1QpA 

* M1-0«l|N-10pA 

Circuit Notes 

This light meter has an eight-decade range. Bias current compensation can give 
input current resolution of better than ±2 pA over 15 °C to 55 °C. 



PRECISION PHOTODIODE COMPARATOR 




R2 ms Hh companion Intl. 
At companion, th< photmiioa'a 
hn Int tfitn S mV wen it, 
dnrnsini lei k»|t> by in iiui 
of mtfflititdt. 



Fig. 46-6 
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Liquid Level Detectors 



1 he sources of the following circuits are contained in the Sources section beginning on page 730. The 
figure number contained in the box of each circuit correlates to the source entry in the Sources section. 



Level Sensor for Cryogenic Fluids 

Fluid Level Controller 

High Level Warning Device 

Liquid Level Control 

Liquid Level Detector Latching 



Water Level Alarm 

Water-Level Sensing Control Circuit 

Flood Alarm 

Liquid Level Detector 

Low-Level Warning with Audio Output 
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LEVEL SENSOR FDR CRYOGENIC FLUIDS 



V {28Vdc) 





WET/DRY 
—^COMPARATOR 

y~~I *i K 

i. 1^^ r -l-- , LAM P 

10 ! | LAMPf~~L 
*D RIVER 1 U 



GOLD-PLATED 
PLATINUM WIRE 
[0.4-MIL (0.01 -mm) 
DIAMETER] 




L--. 1 nn\ 



1 



DRY 



| 12V >1K CALIBRATE | 
IN4007^ C|_ _* I 



PROBE 

CONTINUITY 

MONITOR 



-i LAMP 




CONTINUITY 



Fig. 47-1 



LAMP 
DRIVER 



I NOTE: Resistor values are in ohms. 

Circuit Notes 
The sensor circuit is adaptable to different liquids and sensors. The constant- 
current source drives current through the sensing probe and a fixed resistor. The 
voltage-comparator circuits interpret the voltage drops to tell whether the probe is 
immersed in liquid and whether there is current in the probe. 
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FLUID LEVEL CONTROLLER 



*(H 



FLUID - 
LEVEL 



# 



FLUID OUTLET 



— Hw 






11 j^ ' COMM 



10 tn 

IkSt -i 



j 1/4SN7*02 FLIP-FLOP 
OUTPUT 



H)*t? 



TRANSPARENT CONTAINER 



p — vw — • hs^ 

1»«.. >-<V^ 



He 



io kn 

i kn -=k 




Fig. 47-2 



Circuit Notes 

This circuit can be used to maintain fluid between two levels. Variations on this 
control circuit can be made to keep something that moves within certain boundary 
conditions. 



HIGH LEVEL WARNING DEVICE 



*« 



orrioui 

TRANSIENT 

PROTECTION 
SEtliTOS 



lh 



OSCHLATOR 
OUTPUT 



TMIHC 



% -t- 



»cc 



*REF 




IMW, I 







Fig. 47-3 



Tha output If mj i tibia for driving ■ lump pump 
or opaning a drain vilva, ate. 
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LIQUID LEVEL CONTROL 




C103 



Fig. 47-4 



I— HIGH LEVEL 



1 LOW LEVEL 



Circuit Notes 



Use this circuit to keep the fluid level of a 
liquid between two fixed points. Two modes, 
for filling or emptying are possible by simple 
reversing the contact connections of Kl. The 
loads can be either electric motors or solenoid 
operated valves, operating from ac power. 
Liquid level detection is accomplished by two 



metal probes, one measuring the high level and 
the other the low level. An inversion of the 
logic (keeping the container filled) can be ac- 
complished by replacing the normally open 
contact on the gate of Q3 with a normally closed 
contact. 



LIQUID LEVEL DETECTOR (LATCHING) 



+3 to +24* (determined by (he 
voltage the relay requires) 




1N4148 



SCR 

(the current rating 
if SCR must -be 
greater than the 
realy coil rating) 



Circuit Notes 

Alarm is actuated when liquid level is 
above the probes and remains activated even if 
the level drops below the probes. This latching 
action lets you know that the pre -set level has 
been reached or exceeded sometime in the 
past. 

Fig. 47.5 
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WATER LEVEL ALARM 




+«v 



Fig. 47-6 



Circuit 

The circuit draws so little current that the 
shelf-line of the battery is the limiting factor. 
The only current drawn is the leakage of the 
transistor. The circuit is shown in the form of a 
water level alarm but by using different forms 
of probe can act as a rain alarm or shorting 
alarm; anything from zero to about 1 M bet- 
ween the probes will trigger it. Ql acts as a 



Notes 

switch which applies current to the unijunction 
relaxation oscillator Q2. Alarm signal fre- 
quency is controlled by values and ratios of 
C1/R2. Pulses switch Q3 on and off, applying a 
signal to the speaker. Almost any NPN silicon 
transistor can be used for Ql and Q3 and almost 
any unijunction for Q2. 



WATER-LEVEL SENSING CONTROL CIRCUIT 



LOAD | - 



SEMSITIVITY 



120 M 
60 *v> 




T ( "FILAMENT 
TRANSFORMER" 

.120 V 



Fig. 47-7 



Circuit Notes 

The circuit applies power to the load until the water conducts through the probe , and 
bypasses gate current from the low current SCR. This gives an isolated low voltage 
probe to satisfy safety requirements. 
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FLOODALARM 




NOTE: 

■Probes are piaced where water 
is expected. 



Circuit Notes 

The alarm is built around two audio oscil- 
lators, each using two N AND gates. The detec- 
tion oscillator is gated on by a pair of remote 
probes. One of the probes is connected to the 
battery supply, the other to the input of one of 
the gates. When water flows between the 
probes, the detection oscillator is gated on. 
The alarm oscillator is gated on by the output of 
the detection oscillator. The values given pro- 
duce an audio tone of about 3000 Hz. The detec- 
tion oscillator gates this audio tone at a rate of 
about 3 Hz. The result is a unique pulsating 
note. Use any 8 ohm speaker to sound the 
alarm. The 2N3904 can be replaced by any 
similar MPN transistor. The circuit will work 
from any six to 12-volt supply. 



rW 



-¥ To Pin 14 01 401 1 



■+ To Pin 7 of 401 1 



Fig. 47-8 



LIQUID LEVEL DETECTOR 



©+3to+12v. 
(determined by the voltage the relay requires) 




Circuit Notes 

When liquid level reaches both probes, 
alarm is turned on. When water level recedes it 
goes off. 



Fig. 47-S 
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TXJW-LEVEL WARNING WITH AUDIO OUTPUT 



O.OOlif 



OSCILLATOR 
OUTPUT 



TIMING 

CAP. 



OSCILLATOR 




tolHK: 



Vcc 



REGULATOR 




FILTER GROUND 



Fig. 47-10 
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Logic Circuits 



1 he sources of the following circuits are contained in the Sources section beginning on page 730. The 
figure number contained in the box of each circuit correlates to the source entry in the Sources section. 

Light Activated Logic Circuits OR Gate 

Programmable Gate Large Fan-In AND Gate 

Negative to Positive Supply Logic Level AND Gate 

Shifter* R-5 Flip-Flop 

OR Gate AND Gate 
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LIGHT ACTIVATED LOGIC CIRCUITS 



LA SCR SUPPLY 




♦ 




j-£5Id 






LI«H 9 

OR 
L 148 



(8) AND Circuit 

- | LOAD \ - 




SUPPLY 



(b) AND Circuit 



" — j L0 *°l — 




Fig. 48-1 



(c) OR Circuit 



(d) OR Circuit 



*/~^^ 



L*SCR|- 




LOAD I 



Q 




LOAD 2 



D.C. SUPPLY 
9 



| LASCR; 



INPUT TO LASCR | 
TURNS ON LOAO | 
INPUT TO LASCR? 
TURNS ON LOAD, 
RESETS LASCRj 

MAKE \C 2 100 f»* 



(e) Flip-flop 

Circuit Notes 

These circuits illustrate some of the common logic functions that can be im- 
plemented. 
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PROGRAMMABLE GATE 




Fig. 48-2 



FUNCTION 
INPUT 


INPUTS 


OUTPUT 


A 


a 














B 


e 


i . 








1 











1 


1 


1 


1 





.0 





1 





1 


1 


1 


1 





1 


1 


1 


1 


1 



AND 
FUNCTION 



OR 

FUNCTION 



Circuit Notes 

This gate converts an AND gate or an OR gate by applying a logic '1' on the function 
input. The logic design uses 8 two-input NAND gates. The number of gates may be 
reduced by replacing the 5 NAND gates enclosed by the dotted line with a two-input 
exclusive-OR, such as the TTL 7486. 

NEGATIVE TO POSITIVE SUPPLY LOGIC LEVEL SHIFTER 




Circuit Notes 

This simple circuit provides for ievel 
shifting from any logic function (such as MOS) 
operating from minus to ground supply to any 
logic level (such as TTL) operating from a plus 
to ground supply. The 2N5639 provides a low 
r«: tow and fast switching times. 



Fig. 48-3 



394 



The Real Muslims Portal 



RMPInternational.TK 



OR GATE 



150 k 
+Vcc = +15 Vdc» VW- 



?5k 
A« <W\« — • O- 

75 k 
B* VW — ii 

75 k 
C • WVr-J 




-O « I 



f* A*B*C 



IC = MC3301 



Fig. 48-4 



AND GATE 



■ o ,w- 



4* 



:t 



Fig. 48-7 




KAOlC 



OR GATE 



100 k 





R-S FLIP-FLOP 



VCC Vcc 

lODk 100k 

■^WV v / — vvv_ 



IC = MC3301 



Fig. 48-8 




RESET $£T 



LARGE FAN-IN AND GATE 



AND GATE 






•r K 

c 



OS 

~P" 




Vout 



VoUT "A»»»C'0 



AM. OIODE* 1H»1« 

Fig. 48-6 
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Measuring Circuits 



X he sources of the following circuits are contained in the Sources section beginning on page 730. The 
figure number contained in the box of each circuit correlates to the source entry in the Sources section. 



FET Curve Tracer 

Digital Weight Scale 

Low Cost pH Meter 

pH Probe Amplifier/Temperature 

Compensator 
Capacitance Meter 
Zener Tester 
Transistor Sorter/Tester 
Go/No-Go Diode Tester 
Diode Tester 
Peak Level Indicator 



Sound Level Monitor 

Linear Variable DifferentialTransformer 

(LVDT) Driver Demodulator 
Linear Variable DifferentialTransformer 

(LVDT) Measuring Gauge 
Vibration Meter 
Sensitive RF Voltmeter 
Minimum Component Tachometer 
Phase Meter 

Precision Calibration Standard 
Zener Diode Checker 
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FET CURVE TRACER 



Ik 
1mA/V 



J 00 X) 




'1W NPN, PNP 



Fig. 49-1 

Circuit Notes 

The circuit displays drain current versus gate voltage for both P and N-channel 
JFETS at a constant drain voltge. 



397 



The Real Muslims Portal 



RMPInternational.TK 



DIGITAL WEIGHT SCALE 



KSBJBJM 
I } 3 * 



OOQO 
" \H.Uo 




Now*: 

1. R1, C1 defines POWER ON display blanking interval. R2, C2 defines display ON time. 

2. All VcC connections should use a single Vcc point and ail ground/analog ground connections should use a single 
ground/analog ground-point. 

3. Display sequence for Rev A ckt implementation: 

t = sec • power ON 

t » -» 5 sec • display blanked 

• system converging 

t = 5--10sec • conversion complete 

• display ENABLE 
t > 10 sec • display blanked 

• wait for new POWER UP cycle 

Fig. 49-2 

Circuit Notes 

This circuit employs a potentiometer as the weight sensing element. An object 
placed upon the scale displaces the potentiometer wiper, an amount proportional to its 
weight. Conversion of the wiper voltage to digital information is performed, decoded, 
and interfaced to the numeric display. 
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LOW COST pH METER 



-15V 



i-15 V 



30K. 



30K 



STANDARDIZE 

1 0K TO TURN 



GLASS PROBE 
INPUT O- 




SHIELD 



Fig. 49-3 



T" POLYSTYRENE 



ADJUST POSN 3 FOR + 295.6mV 
ADJUST POSN 4 FOR - 295.6nW 



Circuit Notes 



With guaranteed 1 pA input bias, the ICL 8007A is ideal as a pH meter or long term 
sample and hold. 

pH PROBE AMPLIFIER/TEMPERATURE COMPENSATOR 
| J620 pF** 



pH-4 
PROBE 
INPU 



E ~ J — A J 
IT * t 1/4LF444 



Polystyrene 
* Film resistor type RN60C 
To calibrate, insert 
probe in pH = 7 
solution Set "temp" dial 
to solution temperature, 
then, set "calibrate" dial 
so output read 7V, 
Typical probe = 
Ingold Electrodes 
#465-35 

Fig. 49-4 



2.67k 





1k 

TEMP 

{CALIBRATE 

0'C-100°C) 



pHOUT 
OV-10V = 
pN-10 pH 
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CAPACITANCE METER 



117 VAC 
6OH2 



50K 




Circuit Notes 

Output voltage is proportional to the 
capacitance connected to pin 2 of the charge 
pump. The meter works over a range of 0.01 to 
0.1 fJtF with** set at 111 K. Over this range of 
capacitance, the output voltage varies from 1 to 
lOvolts witha 15 volt power supply. Aconstant 
frequency reference is taken from the 60-Hz 
line. 



Fig. 49-5 



ZENER TESTER 




Fig. 49-6 



Circuit Notes 



This circuit provides a low cost and reli- 
able method of testing zener diodes. RV1 can 
be calibrated in volts, so that when LED 1 just 
lights, the voltage on pins 2 and 3 are nearly 
equal. Hence, the zener voltage can be read 



directly from the setting of RV1. The supply 
need only be as high a value as the zener itself. 
For a more accurate measurement, a precision 
pot could be added and calibrated. 



400 



The Real Muslims Portal 



RMPInternational.TK 



TRANSISTOR SORTER/TESTER 




Fig. 49-7 



Circuit Notes 

This tester checks transistor for polarity £PNP or NPN). An audible signal will give 
an indication of gain. Tester can also be used as a GO/NO GO tester to match unmarked 
devices. 

GO/NO-GO DIODE TESTER 

kf mpA 6.3 Vac 
pilot lamps 




Lamp B 



J 



Fig. 49-8 



diode under 
test 

Circuit Notes 

If lamp Aor B is illuminated, the diode is serviceable. If both light, the diode is short 
circuited. If neither light, ndiode is an open circuit. 
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DIODE TESTER 




Fig. 49-9 



Parts list 

D1, D2— HEP R0052 

LP1.LP2— GE 48 lamp 

X1— 120V to 6.3V, transformer. Lafayette 33P305G8 



Circuit Notes 

The circuit tests whether or not a diode is open, shorted, or functioning correctly. If 
lamp A lights, the diode under test is functional. When lamp B is lit, the diode is good but 
connected backwards. When both lamps are lit, the diode is shorted, and it is open if 
neither lamp is lit. 

PEAK LEVEL INDICATOR 



NOTE 

01,02 are BC109C 
LE01 is TIL209 
D1 is 1N914 




+9V 



Fig. 49-10 



Circuit Notes 

The LED is normally lit, but it will be briefly extinguished if the input exceeds a 
preset (by RV1) level. A possible application is to monitor the output voltage across a 
loudspeaker; the LED will flicker with large signals. 
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SOUND LEVEL MONITOR 



MIC 



D= 



AUDIO 
AMP 



1 

R1 




33 K 



5-10 Vdc 
o 



555 



R5 
390Q 



LED 



R4 

10 K 



1 



Fig. 49-11 



Circuit Notes 

Loudness detector consists of a 555 IC wired as a Schmitt trigger. The output 
changes state— from high to low — whenever the input crosses a certain voltage. That 
threshold voltage is established by the setting of R4. 



LINEAR VARIABLE DIFFERENTIAL 
TRANSFORMER (LVDT) DRIVER DEMODULATOR 



M 



CtJT 

0.033 u f T 



8.1 KI1 1 Kfl 



C1 ~1 iiF C2 =; 0.47 nF 




VR 






a 



SINE WAVE 
CONVERTER 




10K ilK 10K 
- VCC 9-~*/<*— W, WS— O + VCC 

OFFSET 

NULL 



SYNCHRONOUS 
DEMODULATOR 



VhbO- 



5IE 
— o — 



osc 

— 6— 



NOTEl 

ILL VRI2 ' 
GND 



LVDT 
— UuuU 



ttrr^r 



<P 



OUTFUT 
SIGNAL 



4— «V 
VCC 



.4f«F 



"1 



Fig. 49-12 
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LINEAR VARIABLE DIFFERENTIAL 
TRANSFORMER (LVDT) MEASURING GAUGE 



1DV 

" *.7„FI3SV TANTALUM 



N 

.03J«F i 




1| 1 



■NOTE: 
THERMISTOR 2*011 + 0.7 %/*C 




Fig. 49-13 



VIBRATION METER 



« it__ Tii lit |u u i7a In [it 



JT^ 



^r 



r 



ii" 



-r~p" 



LED 


Thrtahold 


1 


60 mv 


2 


BOmV 


3 


110 mV 


d 


160 mV 


5 


220 mV 


6 


320 mV 


7 


440 mV 


8 


630 mV 


9 


SSOmV 


10 


1.25 V 



Fig. 49-14 
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SENSITIVE RF VOLTMETER 



PROBE 




Fig. 49-15 



Circuit Notes 



This circuit measures RF voltages beyond 
200 MHz and up to about 5 V. The diode should 
be mounted in a remote probe, close to the 
probe tip. Sensitivity is excellent and voltages 
less than 1 V peak can be easily measured. The 



unit can be calibrated by connecting the input 
to a known level of RF voltage, such as a cali- 
brated signal generator, and setting the calib- 
rate control. 



MINIMUM COMPONENT TACHOMETER 



VARIABLE 

RELUCTANCE 

MAGNETIC 

PICK UP 





4 -ft- !• 



MMnm 



Fig. 49-16 
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PHASE METER 




J Q 

CP1 



a> 



1/4 (M02) 



O-i 




-CM 



j,. 



- 2tV av-Q 
vout, peak 

Fig. 49-17 




PRECISION CALIBRATION STANDARD 



I 



TftlW 
GND 



Fig. 49-18 



Circuit Notes 

An external power supply that gives a vol- 
tage higher than the highest expected rating of 
the zener diodes to be tested is required. 
Potentiometer RVI is adjusted until the meter 
reading stabilizes. This reading is the zener 
diode's breakdown voltage. 



ZENER DIODE CHECKER 



22k 
4 — WA, 
RV1 



100k 



ZENER 
UNDER 
TEST 



13 



VOLT 
METER 



Fig. 49-19 
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Metal Detectors 



J. he sources of the following circuits are contained in the Sources section beginning on page 730. The 
figure number contained in the box of each circuit correlates to the source entry in the Sources section. 

Micropower Metal Detector Lo-Parts Treasure Locator 
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MICROPOWER METAL DETECTOR 



3-1BV 



161 kHz 



36 pF 




3-18 V 



3-18 V 



I ^-GAIN-FI 



♦ wv— 

100 ka 



LTER 

CRYSTAL 
HEADSET 



Fig. 50-1 




A, - A 4 : %4030 



3fipF_{_ 



IQmH 



SEARCH COIL 

(AWG 18, 140 TURNS, 6-IN. DIAMETER) 



Circuit Notes 

This battery-powered metal detector uses four exclusive-OR gates contained in the 
4030 CMOS integrated circuit. The gates are wired as a twin-oscillators and a search coil 
serves as the inductance element in one of the oscillators. When the coil is brought near 
metal, the resultant change in its effective inductance changes the oscillator's frequency. 
Gates Al and A2 form the two oscillators which are tuned to 160 and 161 kilohertz 
respectively. The pulses produced by each oscillator are mixed in A3, its output contains 
sum and difference frequencies at 1 and 321 kHz. The 321 kHz signal is filtered out by the 
10 kHz low-pass filter at A4, leaving the 1 kHz signal to be amplified for the crystal 
headset connected at the output. The device's sensitivity is sufficient to detect coin- 
sized objects a foot away. 



408 



The Real Muslims Portal 



RMPInternational.TK 



LO-PARTS TREASURE LOCATOR 



L1 

SEARCH 

COIL 



C2: 



:C1 



Q1 
GE-5 




'R3 



C4I 



_r_Bi 



R2> C3:±r 



R1i 



Fig. 50-2 



PARTS LIST FOR 
LO-PARTS TREASURE LOCATOR 
B1— 9-Vdc transistor battery 
C1— 365-pF trimmer or variable capacitor 
C2— 100-pF, 100-V silver mica capacitor 
C3— 0.05-/xF, disc capacitor 
C4— 4.7- or 5-/J.F, 1 2-V electrolytic capacitor 
-L1— Search coil consisting of 18 turns of #22 enamel wire 

scramble wound on 4-in. diameter form 
Q1— RCASK3011 npn transistor or equiv. 
R1— 680-ohm, 1 /2-watt resistor 
R2-lQ,000~ohm, 1/2-watt resistor 
R3— 47,000-ohm, Vi-watt resistor 



Circuit Notes 



Locator uses a transistor radio as the de- 
tector. With the radio tuned to a weak station, 
adjust CI so the locator oscillator beats against 
the received signal. When the search head pas- 
ses over metal, the inductance of LI changes 
thereby changing the locator oscillator's fre- 
quency and changing the beat tone in the radio. 



The search coil consists of 18 turns of #22 
enameled wire scramble wound on a 4-in, 
diameter form. After the eoi! is wound and 
checked for proper operation, saturate the coil 
with RTV adhesive for stable operation of the 
locator. 
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Metronomes 



1 he sources of the following circuits are contained in the Sources section beginning on page 730. The 
figure number contained in the box of each circuit correlates to the source entry in the Sources section. 

Accentuated Beat Metronome Sight N* Sound Metronome 

Micrometronome 
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ACCENTUATED BEAT METRONOME 




Fig. 51-1 



Circuit Notes 



IC3 acts as an oscillator which operates if 
the output of ICl is high. With the values used 
the two frequencies produced are about 800 Hz 
and 2500 Hz. The output is buffered by Ql 
which drives the speaker. The first IC is used 
to generate the tone duration and the time 
interval between beats. The interval is adjust- 
able by RVl while the tone duration is set by 
Rl. The output of ICl also clocks IC2, a decade 
counter with 10 decoded outputs. Each of these 
outputs go high in sequence on each clock. The 



second output of IC2 is connected to the control 
input of IC3 and is used to change the fre- 
quency. Therefore the first tone will be high 
frequency, the second low and the third to tenth 
will be high again. This gives the 9-1 beat. If for 
example the 5th output is connected to the 
reset, the first tone will be high, the second 
low, and the third and fourth high, then when 
the 5th output goes to a high it resets it back to 
the first which is a high tone. We then have 3 
high and one low tones or a 3-1. 
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SIGHT N' SOUND METRONOME 




SW1 



SIGHT ONLY WHT 



Fig. 51-2 



Circuit Notes 



Precise, adjustable control of beats per 
minute from a largo of 18 to a frenzied, high 
presto of 500. These beats are produced acous- 
tically through a speaker. A light flashes at the 
same rate. When SW1 is closed, CI begins to 
charge through Rl and R2. Cl will eventually 
reach a voltage at which the emitter of unijunc- 
tion transistor is switched on, "dumping" the 



energy stored in Cl into an 8 ohm speaker. To 
produce a distinct "plop", brief pulses across 
T2 secondary drive Q2 into conduction. The 
extra gain of Q3 and Q4 are sufficient to briefly 
switch LI on, then off, as the pulse wave pas- 
ses. Capacitor C2 "stretches" the pulse 
slightly to overcome the thermal inertia of the 
lamp, so that a bright flash occurs. 
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MICROMETRONOME 



+9V' 



1. 
|— flM~J4001>> 
ON -H ' 




£ 



TO PIN 14 OF 4001 
-►TO PIN 7 OF 4001 



Fig. 51-3 



Circuit Notes 

This compact metronome will run for touch plates consist oftwo strips of metal about 

years on a single nine-volt transistor battery, 1/16-inch.apart mounted on, but insulated 

Has both tone and pulse rate controls, and uses from, the case. Bridging the gap closes the 

touch plates to start.and stop, can be built in a switch, 
case no larger than a pack of cigarettes. The 
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52 
Miscellaneous Circuits 



1 he sources of the following circuits are contained in the Sources section beginning on page 730. The 
figure number contained in the box of each circuit correlates to the source entry in the Sources section. 



Intercom 

Musical Organ 

Laser Diode Pulser 

Capacitance Multiplier 

Simulated Inductor 

Active Inductor 

Positive Input/Negative Output Charge 

Pump 
Shift Register Driver 
Tape Recorder 
Negative-Edge Differentiator 
Stylus Organ 



Positive-Edge Differentiator 

Four Channel Data Acquisition System 

Triac Trigger 

Precision Rectifiers 

Voltage Control Resistor 

Fast Inverter Circuit 

Inverse Scaler 

5.0 V Square Wave Calibrator 

Low Drift Integrator and Low-Leakage 

Guarded Reset 
Differentiator with High Common Mode 

Noise Rejection 



Digital Transmission Isolator 
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INTERCOM 




Fig. 52-1 



Circuit Notes 

The circuit provides a minimum compo- of 50 allows a maximum loop gam of 1250. Rv 

nent intercom. With switch SI in the talk posi- provides a common mode volume control, 

tion, the speaker of the master station acts as Switching Si to the listen position reverses the 

the microphone with the aid of step-up trans- role of the master and remote speakers, 
former Tl. A turns ratio of 25 and a device gain 



MUSICAL ORGAN 



_2205 
hu < 



A? 




470 u 1ft 



A 27 tt » H S 22 2) 20 19 IS 17 t« IS 
SN78477 




' MW' ■ ' O 



th 



UU 1° 

-w^ o 



uui _!£.* 



Fig. 52-2 
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LASER DIODE PULSER 



•15 V O ♦- 



REP RAT 
PULSE W 



TE SOKH; \ S 

OTH .-20 as I f^ 

l\PUT |~| O "" 




s ;:-non INDUCTIVE 

1 2W 



LASER DIODE 
RCA SG2O02 



Fig. 52-3 



Circuit Notes 

This drive is capable of driving the laser diode with 10 ampere, 20 ns pulses. For a 
0.1% duty cycle, the repetition rate will be 50 kHz. A complementary emitter-follower is 
used as a driver. Switching speed is determined by the fr of the bipolar transistors used 
and the impedance of the drive source. 



CAPACITANCE MULTIPLIER 




R-1 
c etl " R 3 " c l 



Fig. 52-4 



Al! resistor values are in ohms 

Circuit Notes 

This circuit can be used to simulate large capacitances using small value compo- 
nents. With the values shown and C = 10 juF, an effective capacitance of 10,000 /liF was 
obtained. The Q available is limited by the effective series resistance. So Rl should be as 
large as practical. 
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SIMULATED INDUCTOR 




1 IN 



Fig. 52-5 



Circuit Notes 

With aconstant current excitation, the 
voltage dropped across an inductance in- 
creases with frequency. Thus, an active device 
whose output increases with frequency can be 
characterized as an inductance. The circuit 
yields such a response with the effective induc- 
tance being equal to: L = R1R2C. The Q of this 
inductance depends upon Rl being equal to R2. 
At the same time, however, the positive and 
negative feedback paths of the amplifier are 
equal leading to the distinct possibility of in- 
stability at high frequencies. Rl- should, there- 
fore, always be slightly smaller than R2 to 
assure stable operation. 



ACTIVE INDUCTOR 



-AW 




Fig. 52-6 



L = R1R2C ■ 100 HENRIES 

RS - «2 ■ 100s: 

Bp - Rl • lOMEGil 

ASSUMING CSTRAV (ACROSS Hi I OF S pF THf UPPER 

FREQUENCY LIMIT IS APPROXIMATELY 7kHi 

Xl ' 100:: AT f • 1S9hi 



Circuit Notes 

An active inductor is realized with an eight-lead IC, two carbon resistors, and a 
small capacitor. A commercial inductor of 50 henries may occupy up to five cubic inches. 
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POSITIVE INPUT/NEGATIVE OUTPUT CHARGE PUMP 



♦ 3 TO' + 15 V 

O a 2 

1N4148 



1N4148*A 




OVi 



4.7 vF 



4 — Ov- 



60 V 



TRANSFORMER: 

INDIANA GENERAL CORE F626-12-Q 2 
26 TURNS NO. 28 WIRE TRIFILAR WOUND 



Circuit Notes 

A simple means of gene rating a low*power 
voltage supply of opposite polarity from the 
main supply. Self oscillating driver produces 
pulses at a repetition frequency of 100 kHz. 
When the VMOS device is off, capacitor C is 
charged to the positive supply. When the 
VMOS transistor switches on, C delivers a 
negative voltage through the series diode to 
the output. The zener serves as a dissipative 
regulator. 



Fig. 52-7 



1 I IN1692 



SHIFT REGISTER DRIVER 

0+T8V 



2N2714 



•1K 



JOK 
INPUT 
SHIFT 
PULSE 

JL 

(150 
TO 

500 uS 




2N2868 



.1 fif 



»• IN4009 
OR 
IN4154 "*J 
2N2714 



T 



INTERRUPTED 

-O + TO REGISTER 

(10 AMP MAX.) 



Fig. 52-8 



Jl 



SHIFT PULSE-LINE TO REGISTER 



Circuit Notes 

A 16 V power supply can be synthesized as base drive. The negative pulse so generated on 



shown using IN1692 rectifiers. A shift pulse 
input saturates the 2N2714 depriving the Dar- 
lington combination (2N2714 and 2N2868) of 



the 15 V line is differentiated to produce a 
positive trigger pulse at its trailing edge. 
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Circuit Notes 

Complete record/playback cassette tape machine amplifier. Two of the transistors 
act as signal amplifiers, with the third used for automatic level control during the record 
mode. 



NEGATIVE-EDGE DIFFERENTIATOR 



"-"in 

~T\ r— 0.002 yF 



<00k 



T 



IC = MC3301 




-*Vo 



v 0(4el » '■* Vdc 
Output Art* Time * 072 ifls 
Vcc x + 15 Vdt Input Changi Timt Conflint * 1 ,0 i 



Fig. 52-10 
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STYLUS ORGAN 



RV4-1 1 , 
47k >* — | 

PRESETS 




SUITABLE TOUCH PADS 



Fig. 52-11 



Circuit 

IC2 is an audio frequency oscillator. Its 
frequency is primarily controlled by the resis- 
tance between pins 2 and 7. RV4-11 eontrol the 
oscillator frequency and by touching a stylus 
(connected via limiting resistor R5 to pin 2) to 
each preset, different notes can be played. IC1 
is a low frequency oscillator (approximately 



Notes 

3-1 0Hz), the frequency of which is variable by 
RV1. The output of this oscillator is connected 
through depth control RV2 and limiting resis- 
tor R3 to the voltage control input of the audio 
frequency oscillator. Thus a vibrato effect oc- 
curs. 



POSITIVE-EDGE DIFFERENTIATOR 



Output His* Time * <r2 ms 
Input Change Time Constant = 



AV„ 



i~L 



1.0 ms 



0.001 »f 



!00k 



51 k 




Fig. 52-12 
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FOUR CHANNEL DATA ACQUISITION SYSTEM 



AhALOC INPUTS 
l-4mV TO -SV) 



COMDAC' 
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NOTE: 

i.Sk RESISTORS SHOULD BE M*,TCH"ED 

TO 0.01%. 



Fig. 52-13 



TRIAC TRIGGER 




^!tas iz i,« 



1 Z 3 



PROVIDES 40 ibA 10 in PULSES AT ABOUT » kHz. 
TRIAC QATE MAYflE PULSE TRANSFORMER 
(ISOLATED IF DESIRED). 



-1.4 V FROM BATTERY OR SOLAR CELL WITH 
• t-iif BYPASS CAPACITOR. DRAIN NOMINALLY 
5 mA. 



Fig. 52-14 
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PRECISION RECTIFIERS 



(■) HALF WAVE 



1W 
INO— W(— ♦ 



j — vw 



x_^ 



I W i — « — 00 



(b> FULL WAVE 



Fig. 52-15 




FAST INVERTER CIRCUIT 



"IN "f 

''in » SAf~ ~* VW^ 




fl EQ" R S* R IN n F 

FOR A v --1, H EQ - 3.3k<l 



Fig. 52-17 



VOLTAGE CONTROL RESISTOR 



INVERSE SCALER 






DIGITAL INPUT NUMBEf 






" v 0UT 


ANALOGUE 
OUTPUT 


V HCF 
IN 






r 




y 


ZW.2SC. 


DAC 






'i 






"* v OUT - V [N 


t 


?L07".1CE 


Eu?V ! 



Fig. 52-18 



Circuit Notes 



Fig. 52-16 



If a DAC is operated in the feedback loop 
of an operational amplifier, then the amplifier 
gain is inversely proportional to the input digi- 
tal number or code to the DAC. The version 
giving scaling inversely proportional to posi- 
tive voltage is shown. 
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5.0 V SQUARE WAVE CALIBRATOR 

10V 



'2k 




2N2222 



■ OUTPUT 



-►< CALIBRATE 



LM13BS.0 



Fig. 52-19 



LOW DRIFT INTEGRATOR AND LOW-LEAKAGE GUARDED RESET 



f \ 



"in 

EinO-^WV 






\p yy 




-O BESET 

(NEGATIVE PULSE) 



OUT 






<< N d< 



Fig. 52-20 



DIFFERENTIATOR WITH HIGH 
COMMON MODE NOISE REJECTION 




FOR FREQUENCY Fi «Va ir (3» C — 



Vo= 1.4 X 1CKC 



dVi 
dT' 



Fig. 52-21 



DIGITAL 
TRANSMISSION ISOLATOR 

V' =s.ov 



(j^ ) 




TTL 
OUTPUT 



Fig. 52-22 
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Mixers and Multiplexers 



Ihe sources of the following circuits are contained in the Sources section beginning on page 730, The 
figure number contained in the box of each circuit correlates to the source entry in the Sources section. 

Differential Mux/Demux System Common-Source Mixer 

Eight Channel Mux/Demux System 100 MHz Mixer 

Doubly Balanced Mixer Multiplexer/Mixer 

Wide Band Differential Multiplexer 
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DOUBLY BALANCED 

MIXER (BROADBAND INPUTS, 

9.0 MHz TUNED OUTPUT) 



r 



LOCAL 
OSCILLATOR OMIbF] 
INPUT * \(~4 
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:.i * ? 5 ' ...' r- 1 H 
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LI ^ M TURNS A1NG NO 78 ENAMELED Wl HE. WOUND 
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Fig. 53-3 



100 MHz MIXER 
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Fig. 53-5 



COMMON-SOURCE MIXER 
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Fig. 53-4 



Fig. 53-6 
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WIDE BAND DIFFERENTIAL MULTIPLEXER 
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Fig. 53-7 



mOMDSTSMI n~ 

VOLTAGE TRANSLATOR —I L~-: 



Circuit Notes 

This design allows high frequency signal handling and high toggle rates simultane- 
ously. Toggle rates up to 1 MHz and MHz signals are possible with this circuit. 



428 



The Real Muslims Portal 



RMPInternational.TK 



54 



Modulation Monitors 



1 he sources of the following circuits are contained in the Sources section beginning on page 730. The 
figure number contained in the box of each circuit correlates to the source entry in the Sources section. 

Modulation Monitor Visual Modulation Indicator 

CB Modulation Monitor 
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MODULATION MONITOR 



RF INPUT O 





iooKn 

VOLUME 



^=:.DlMf OOKft <10Kft 



NOTE: 

D1 AND D2: GERMANIUM 

DIODES SUCH AS IN34. 



Fig. 54-1 



JSPEAKER 



Circuit Notes 

Broad-tuned receiver demodulates the RF signal picked up by a loosely coupled 
-wire placed near the transmitting antenna. 

VISUAL MODULATION INDICATOR 



TO 
TRANSCEIVER 



TO 
ANTENNA 




9 TO 

+ I2VDC 



Fig. 54-2 



Circuit Notes 



Indicator lamp brightness varies in step R3 = 10 K pot, II = 6-8 V, 30-60 mA incandes- 
with modulated RF signal. Adjust R2 with cent bulb, Ql = 2N3393 (for increased sen- 
transmitter on (modulated) until the lamp sitivity use 2N3392 or other high-gain transts- 
flashes in step with modulation. Cl = 5 pf, C2 tor). 
= 100 pF, Dl = 1N60 or 1N34 (Germanium), 
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CB MODULATION MONITOR 



R1 
RF INPUT 



D1 



R4 R2 




R3 
-VW- 



N.O. 1 



C2 



N.C. 
D3 



CAL. M 
MOD. 



C3: 



rj= 2 r 02 -jr 



C4 



PARTS LIST 
C1— 500-pF, 100-Vdc capacitor 
C2— 10-jnF, 10-Vdc electrolytic capacitor 
C3— 200-pF, 100-Vdc capacitor 
C4— 300-pF, 100-Vdc capacitor 
pi, D2, D3-1N60 
M 1—0-1 rtiA DC high-speed meter 
R1, R4— 1000-ohm, Vi-watt resistor 
R2— 1000-ohm pol 
R3— 910-ohm, 1 ^-watt resistor, 5% 
SI— Spelt spring-return switch 



Fig. 54-3 



Circuit Notes 

Connect this circuit to a transceiver with a coaxial T connector in the transmission 
line. Key the transmitter (unmodulated), set SI to CAL, and adjust R2 for a full scale 
reading. Return SI to MOD position. The meter will read % modulation with 10% 
accuracy. 
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Modulators 



1 he sources of the following circuits are contained in the Sources section beginning on page 730. The 
figure number contained in the box of each circuit correlates to the source entry in the Sources section. 



TV Modulator 

TV Modulator 

Pulse -Position Modulator 

Pulse-Width Modulator 

Pulse -Width Modulator 

RF Modulator 

Linear Pulse-Width Modulator 

Balanced Modulator 



Video Modulator 

Modulator 

Pulse-Width Modulator 

AM Modulator 

TV Modulator Using a Motorola MC1374 

Pulse-Width Modulator 

Pulse-Width Modulator 

VHF Modulator 
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TV MODULATOR 
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C6 
IMF 



LI - 4 Turns, #22. 1/4" Oia. 
12 - 40 Turns, #36, 3/16" Oia 



-O Video tn 



-O Audio In 



Fig. 55-1 



Circuit Notes 



The FM oscillator/modulator is a 
voltage-controlled oscillator, which exhibits a 
nearly linearoutput frequency versus input 
voltage characteristic for a wide deviation. It 
provides a good FM source with a few inexpen- 



sive external parts. It has a frequency range of 
1.4 to 14 MHz and can typically produce a ±25 
kHz modulated 4.5 MHz signal with about 0.6% 
total harmonic distortion. 
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TV MODULATOR 



+5-12 R1 
VDC 680 O 
O ^ 



GROUND 



C5 
I 005 



C4. 
.005 



VIDEO INPUT 
O 




MODULATED 

RF OUTPUT 

O 



R5 



FERRITE 
i. BEAD 



©F. BLECHMAN1978 



Fig. 55-2 

Circuit 

The VHF frequency is generated by a 
tuned Hartley oscillator circuit. Resistors R2, 
R3, and R4 bias the transistor, with tapped 
inductor LI and trimmer capacitor CI forming 
the tank circuit. Adjusting Cl determines the 
frequency. Capacitor C2 provides positive 
feedback from the tank circuit to the emitter at 
Ql. Capacitor C4 provides an RF ground for the 
base of Ql. Bypass capacitor C5 and resistor 



Notes 

Rl filter out the radio frequencies generated in 
the tank circuit to prevent radiation from the 
power-supply lines. The video signal enters 
the parallel combination of resistors R5 and R6; 
this combination closely matches the 75 ohm 
impedance of most video cables. Resistor R6 is 
asmallscrewdriver-adjustedpotentiometer 
that is used to control the video input level to 
mixer diodes Dl and D2. 
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PULSE-POSITION MODULATOR 



Vcc<5 vto is V| 
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NOTE A: Tha modulating signal msv be. direct of capaci- 
tively coupled to the control voltage terminal. For 
direct coupling, the eMects of modulation source 
voltaga and impedance on the bias c* the 
SE555/NE555 should be considered. 




Fig. 55-3 



Time— 0.1 ms/div 



Circuit Notes 

The threshold voltage, and thereby the time delay, of a freerrunning oscillator is 
shown modulated with a triangular-wave modulation signal; however, any modulating 
wave -shape could be used. 



PULSE-WIDTH MODULATOR 

+ V cc (5 to 15 V) 



Output 



Clock 
Input 
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Trigger 



6(8) 



V CC <j>T4 



>R, 



1/2-MC3556 
1/2-MC3456 



GndO 7 



Discharge 
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2(1-2) 
Control 



Fig. 55-4 



3(11) 



Modulation 

Input 



Circuit Notes 

If the timer is triggered with a continuous 
pulse train in the monostable mode of opera- 
tion, the charge time of the capacitor can be 
varied by changing the control voltage at pin 3. 



In this manner, the output pulse width can be 
modulated by applying a modulating signal that 
controls the threshold voltage. 
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PULSE-WIDTH MODULATOR 
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Fig. 55-5 



RF MODULATOR 
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Fig. 55-6 
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Circuit Notes 

Capacitors Cl, C3, C5, and C6 should be dipped mica. C4 and C7 are compression or 
piston trimmer types. R6 is PC-board mount trimpot. LI is 6 turns of No. 14 enameled 
wire, % inch I.D. by % inch long, tapped at 1 turn from top. 
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LINEAR PULSE-WIDTH MODULATOR 
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Fig. 55-7 



VIDEO MODULATOR 



■ l~" 



330pf 



I 




VIDEO IN 

U 10T. 1ZBI.S ENAMELLED COP'EB WIHE 
Jmm DiAMtTIH SEE TEXT 



Fig. 55-9 



BALANCED MODULATOR 
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Fig. 55-8 



Fig. 55-10 
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PULSE-WIDTH MODULATOR 



Vcc (5 V to 15 VI 



CLOCK 121 
INPUT 



MODULATION 
INPUT • 
ISM Note A) 



15) 



JILL 



») 



■« L ; : 



RESET V C C 

™.~~™ OUTPUT 

TRIGGER 

SE555/NE555 

DISCHARGE 



CONTROL 
VOLTAGE 



THRESHOLD 



GNO 



"F 



131 



(7) 



161 



Ra 



NOTE A: Tha modulating signal may ba direct or capaci- 
tively coupled to the control voltage terminal. For 
direct coupling, the effects of modulation source 
voltage and impedance or. the bias of the 
SE5S6/JMESS5 mould be considered. 




Time— 0.5 ms/div 



Circuit Notes 



Kg. 55-11 



The monostable circuit is triggered by a continuous input pulse train and the 
threshold voltage is modulated by a control signal. The resultant effect is a modulation of 
the output pulse width, as shown. A sine-wave modulation signal is illustrated, but any 
wave-shape could be used. 

AM MODULATOR 






vc 



CARRIER*— )( •> 

INPUT m _. 



MODULATING 
SIGNAL 
INPUT 7S0 



! k 



r™Wr— | 





CARRIER ADJUST 



U > 6.8 k 



♦>• -v 



Fig. 55-12 
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TV MODULATOR USING A MOTOROLA MG1374 







5-25 p 
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i—'vw- 



1u 
-til « AUDIO IN 



Fig. 55-13 



fifty L1 4 iyrrts 022 ga enamel wire. tM" diA close wound air core 

L2 43 lu;ns 036 enamel *ire, 3/16 - dia. close wound, fer- 

rile core 

L3.L4 022 uH HF chokes 

Circuit Notes 

This one-chip modulator requires some outboard circuitry and a shielded box. 

PULSE-WIDTH MODULATOR 



V.N 

.5 V 



R1 
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047 u f 



M 

100 hi I 
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'n " _2ir R1 CI 
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" 2ir R2 C2 

•c < 'n < 'unity gain 



Fig. 55-14 
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PULSE-WIDTH MODULATOR 
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Fig. 55-15 
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Fig. 55-16 
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56 



Moisture and Rain Detectors 



1 he sources of the following circuits are contained in the Sources section beginning on page 730. The 
figure number contained in the box of each circuit correlates to the source entry in the Sources section. 

Rain Alarm Automatic Plant Waterer 

Moisture Detector Rain Alarm/Door Bell 
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RAIN ALARM 




•SEE TEXT 



ETO 
eohm 



Fig. 56-1 

Circuit 

The circuit uses four NAND gates of a 
4011 package. In each oscillator, while one gate 
is configured as a straightforward inverter, the 
other has one input that can act as a control 
input. Oscillator action is inhibited if this input 
is held low. The first oscillator (ICla and IClb) 
has this input tied low via a high value resistor 
(Rl) that acts as a sensitivity control. Thus this 



Notes 

oscillator will be disabled until the control 
input is taken high. Any moisture bridging the 
sensor track will so enable the output which is a 
square wave at about 10 Hz. This in turn will 
gate on and off the 500 Hz oscillator formed by 
IClc and ICld. This latter oscillator drives the 
loudspeaker via R6, the Darlington pair formed 
.by Ql and Q2, and resistor R7. 



MOISTURE DETECTOR 



+6-9V 




HORN 
RADIO 
SHACK 
273-049 



SCR 
RADIO 
SHACK 
276-1067 



Circuit Notes 

The detector is made of fine wires spaced 
about one or two inches apart. When the area 
between a pair of wires becomes moistened, 
the horn will sound. To turn it off, dc power 
must be disconnected. 



Fig. 56-2 
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AUTOMATIC PLANT WATERER 




MOISTURE 
RV1>^- 1 LEVEL 
SOO* 
UN 



CI 



PROBE 

• 



lOOn 



«2 i 



vw- 

4M7 




FmH circuit diagram 



— ' lOOu *• <>S 



. C1 
' lOOn 



NOTE 

IC1 is 4011 
Q1 is BC214 
Q2iS BD131 





1N9T4* \) 



PUMP 
MOTOR 



! 6V 



Fig. 56-3 



Circuit Notes 



The unit consists of a sensor, timer, and 
electric water pump. The sensor is embedded 
in the soil, and when dry, the electronics oper- 
ate the water pump for a preset time. The 
circuit is composed of a level sensitive Schmitt 
trigger, variable time monostable, and output 



driver. When the resistance across the probe 
increases beyond a set value (i.e., the soil 
dries), the Schmitt is triggered. C2 feeds a 
negative going pulse to the monostable when 
the Schmitt triggers and R2 acts as feedback, to 
ensure a fast switching action. 



RAIN ALARM/DOOR BELL 



TO SENSOR 




Circuit Notes 



Fig. 56-4 



NOTE 

Q1 , Q2 are 2N3706 

D1 is 1N4001 



With SI open the circuit functions as a 
doorbell. With SI closed, rain falling on the 
sensor will tum on Ql, triggering Q2 and the 
thyristor and activating the bell, R4 provides 
the holding for the thyristor while Dl prevents 



any damage to the thyristor from back EMF in 
the bell coil. The sensor can be made from 3 
square inches of copper clad board with a razor 
cut down the center. CI prevents any mains 
pickup in the sensor leads. 
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57 



Motor Controls 



J. he sources of the following circuits are contained in the Sources section beginning on page 730. The 
figure number contained in the box of each circuit correlates to the source entry in the Sources section. 



Motor Speed Control 

Plug-In Speed Control for Tools or 
Appliances 

Motor Speed Control with Feedback 

Direction and Speed Control for Series- 
Wound Motors 

High-Torque Motor Speed Control 

Motor Speed Control 

Constant Current Motor Drive Circuit 

Ac Motor Power Brake 

Universal-Motor Speed Control with 
Load-Dependent Feedback 

Dc Motor Speed/Direction Control Circuit 

Servo Motor Amplifier 



Motor Speed Control 

Model Train Speed Control 

Induction Motor Control 

DC Motor Speed Control 

Universal Motor Control with Built-in Self 
Timer 

Speed Control for Model Trains or Cars 

Direction and Speed Control for Shunt- 
Wound Motors 

Two-Phase Motor Drive 

Dc Servo Amplifier 

Universal Motor Speed Control 

Power Tool Torque Control 

Ac Servo Amplifier —Bridge Type 
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PLUG-IN SPEED CONTROL FOR TOOLS OR APPLIANCES 



Fl 



120 VAC 



CR3 
GE-XI4 



Rl 

2500 

5W 



0R2 
500 
(SPEED 
CONTROL) 



CRI 
GE-504A 
*H 



J* 



H4 IK 



HZ 



R3 

200 

(TRIMMER) 



CR2 
GE-504A 



L 



CI 

2MFD 

50V 

OUTPJT 

SOCKET 

FOR MOTOR 

PLUG 






MOTOR NAMEPLATE RATING 


COMPONENT 


LIGHT DUTY 
3 AMP MAX 


HEAVIER DUTY 
5 AMP MAX 


SCRi 


GE- XI 


GE-C30B 


Fl 


3 AMP 


5 AMP 



Fig. 57-2 



Circuit 

Most standard household appliances and 
portable hand tools can be adapted to variable- 
speed operation by use of this simple half-wave 
SCR phase control. It can be used as the speed 
control unit for the following typical loads pro- 
videe they use series universal (brush type) 
motors. 



Drills 


Fans 


Sewing Machines 


Lathes 


Saber saws 


Vibrators 


Portable band saws 


Movie projectors 


Food mixers 


Sanders 


Food blenders 





Notes 

During the positive half cycle of the supply 
voltage, the arm on potentiometer R2 taps off a 
traction of the sine wave supply voltage and 
compares it with the counter emf of the motor 
through the gate of the SCR. When the pot 
voltage rises above the armature voltage, cur- 
rent flows through CRl into the gate of the 
SCR, triggering it, and thus applying the re- 
mainder of that half cycle supply voltage to the 
motor. The speed at which the motor operates 
can be selected by R2. Stable operation is pos- 
sible over approximately a 3-to-l speed range. 
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DIRECTION AND SPEED CONTROL FOR SERIES-WOUND MOTORS 



2N4172 

D2 W Ol J Tl 

MR 504 
orMDA 3504 



2N4172 ^ 
02 J T2 




Fig. 57-4 



Circuit Notes 



The circuit shown here can be used to 
control the speed and direction of rotation of a 
series-wound dc motor. Silicon controlled 
rectifiers Q1-Q4, which are connected in a 
bridge arrangement, are triggered in diagonal 
pairs. Which pair is turned on is controlled by 
switch SI since it connects either coupling 
transformer Tl or coupling transformer T2 to a 
pulsing circuit. The current in the field can be 
reversed by selecting either SCRs Q2 and Q3 



for conduction, or SCRs Ql and Q4 for conduc- 
tion. Since the armature current is always in 
the same direction, the field current reverses 
in relation to the armature current, thus re- 
versing the direction of rotation of the motor. A 
pulse circuit is used to drive the SCRs through 
either transformer Tl or T2. The pulse re- 
quired to fire the SCR is obtained from the 
energy stored in capacitor CI. 
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HIGH-TORQUE MOTOR SPEED CONTROL 




ARMATURE 



FIELD 



R F * 



FEEDBACK RESISTOR 

(SEE TEXT) 



Fig. 57-5 



Circuit Notes 



A bridge circuit consisting of two SCRs 
and two silicon rectifiers furnishes full-wave 
power to the motor. Diodes, D3 and D5, supply 
dc to the trigger circuit through dropping resis- 
tors, Rl. Phase delay of SCR firing is obtained 
by charging C2 through resistors R3 and R4 
from the voltage level established by the zener 
diode, D8. When C2 charges to the firing vol- 
tage of the unijunction transistor, the UJT fires, 



triggering the SGR that has a positive voltage 
on its anode. When C2 discharges sufficiently, 
the unijunction transistor drops out of conduc- 
tion. The value of Rf is dependent upon the size 
of the motor and on the amount of feedback 
desired. Atypical value for Rf can be calculated 
2 



from 
current (rms) 



Rf = t— where Sim is the max rated load 
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MOTOR SPEED CONTROL 



tiev 

60HZ 



lookA 



29k A 



© 



IN6069 



IN5059 



2N4990 
2N4986 

■© 



® 



.OI>lF 



ikn 



GE 
C22B 



9 



SERIES WOUND 
UNIVERSAL MOTOR 



Fig, 57-6 



Circuit Notes 

Switching action of the 2N4990 allows smaller capacitors to be used while achieving 
reliable thyristor triggering. 

CONSTANT CURRENT MOTOR DRIVE CIRCUIT 

y-t-O- 



VlN 



2N3055 



C3S.001«iF 



0.4(1 

@sw 
Rs 



llOUT 




AAV 



NOW^^ = MHi/ftftt — 



Fig. 57-7 

Circuit Notes 

This minimum device circuit can be used to drive dc motors where there is some 
likelihood of stalling or lock up; if the motor locks, the current drive remains constant and 
the system does not destroy itself. 



450 



The Real Muslims Portal 



RMPInternational.TK 



AC MOTOR BRAKE 





ON 
HEAT 


SI 


SPRING 


PLI DM UCO 




RETURN) 


117 
VAC 




TO POWER 
TOOL MOTOR 









PARTS LIST FOR 
AC MOTOR POWER BRAKE 

PLI -AC plug 

01 -Silicon rectifier, 200 PIV, 20 A. 

S1-Spdt switch. Center off, one . 

side spring return 
Misc-Metal cabinet 



Circuit Notes 

A shot of direct current will instantly stop 
any ac power too! motor. Switch Si is a 
center-off, one side spring return. With Si on, 
ac will be fed to the motor and the motor will 
run. To brake the motor, simply press Si down 
and a quick shot of dc will instantly stop it. The 
switch returns to the center off position when 
released. This Power Brake can only be used 
with ac motors; it will not brake universal 
(ac-dc) motors. A heat sink must be provided 
for the diode. 

Fig. 57-8 



UNIVERSAL-MOTOR SPEED CONTROL 
WITH LOAD-DEPENDENT FEEDBACK (FOR MIXER, SEWING MACHINE, ETC.) 




FULL SPEED 
POSN. 



Fig. 57-9 



MIXER, OR SIMILAR 
UNIVERSAL MOTOR 



NOTE! RESISTORS I/2 WATT EXCEPT AS NOTED 



Circuit Notes 



Simple half-wave motor speed control is 
effective for use with small universal (ac/dc) 
motors. Maximum current capability 2.0 amps 
RMS. Because speed-dependent feedback is 
provided, the control gives excellent torque 



characteristics to the motor, even at low rota- 
tional speeds. Normal operation at maximum 
speed can be achieved by closing switch Si, 
thus bypassing the SCR. 
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DC MOTOR SPEED/DIRECTION CONTROL CIRCUIT 



Sp**d/Direction 
Control 




1 — Pt 



390 pF-^ 

3.9 k 

*SS* fcH ID 



; 390 pF 




1N4001 

or E^uiv 



1N914 
-Or Equiv 



Each amplifier symbol r*preiantt-l/4 MC75491 circuit Itvwo packagfll iot«l) 



Fig. 57-10 



SERVO MOTOR AMPLIFIER 




"IOC 



*T_ T 1 




Circuit Notes 

Motor driver amplifier will deliver the 
rated current into the motor. Care should be 
taken to keep power dissipation within the 
permitted level. This precision speed regula- 
tion circuit employs rate feedback for constant 
motor current at a given input voltage. 



Fig. 57-11 
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MOTOR SPEED CONTROL 




P*- 



II7VAC 



CI, C2-0.1-uF, 200-VDC capacitor 
Q1-RCA 40431 Triac-Diac 
Rl-lQQ.OOO-ohm iinear taper 

potentiometer 
R2-10,000-ohm, 1-watt resistor 



Fig. 57-12 



Circuit Notes 



Universal motors and shade d-pole induc- 
tion motors can be easily controlled with a 
full-wave Triac speed controller. Ql combines 
both the triac and diac trigger diodes in the 
same case. The motor used for the load must be 



limited to 6 amperes maximum. Triac Ql must 
be provided with a heat sink. With the compo- 
nent values shown, the Triac controls motor 
speed from full off to full on. 



MODEL TRAIN SPEED CONTROL 



♦12 MVdc 




FORWARD REVERSE 

SWITCH 



TO 
TRACKS 



Fig. 57-13 



Circuit Notes 

Virtually any NPN small signal transistor by wiring a 12 volt 12 watt bulb in series with 

may be used in place of the BC 108 shown. the output. This will glow in event of a short 

Likewise any suitable NPN power transistor circuit and thus effectively current- limit the 

can be used in place of the 2N3055. The output output, it also acts as a visual short-circuit 

transistor must be mounted on a suitable heat- alarm, 
sink. Short circuit protection may be provided 
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INDUCTION-MOTOR CONTROL 




1240 V I 

Q 60H 



92C5-26324 
120VAC, 60Hz 240VAC, 60H £ 

C 0.22,/F. 200V 0.22mF 400V 

Y T2/Q0B T2700O 






Fig. 57-14 
Circuit Notes 

This single time-constant circuit can be The circuit is best suited to applications which 

used as proportional speed control for indue- require speed control in the medium to full- 

tion motors such as shaded pole or permanent power range, 
split -capacitor motors when the load is fixed. 



DC MOTOR SPEED CONTROL 
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Circuit Notes 



Fig. 57-15 



The circuit uses a 4011 CMOS NAND 
gate, a pair of diodes and an NPN power tran- 
sistor to provide a variable duty-cycle dc 
source. Adjusting the speed control varies the 
average voltage applied to the motor. The peak 



voltage, however, is not changed. This pulse 
power is effective at very low speeds, con- 
stantly kicking the motor along. At higher 
speeds, the motor behaves in a nearly normal 
manner. 
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UNIVERSAL MOTOR CONTROL WITH BUILT-IN SELF TIMER 




Fig 57-16 



Circuit Notes 



When the time delay expires, SCR1 con- 
ducts and removes the gate signal from SCR2, 
which stops the motor. Both the time delay and 
motor speed are adjustable by potentiometers 
R2 and R3. If heavier motor loads are antici- 



pated, use the larger C30B SCR in place of the 
GE-X1 for SCR2. Also, the capacitance of CI 
can be increased to lengthen the time delay, if 
desired. 



SPEED CONTROL FOR MODEL TRAINS OR CARS 



r3li 



3 AMP STUD «CR. sev 




f 



i 



-N- 



10*iF 
12V 



Fig. 57-17 




Circuit Notes 

Low voltage speed control gives very good starting torque and excellent speed 
-regulation. A reversing switch may be incorporated in the leads to the motor. 
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DIRECTION AND SPEED CONTROL FOR SHUNT- WOUND MOTORS 




Fig. 57-18 



Tl and T2 are Sprague 1 1 ZT3 
Q1 thru Q4 - 2N41 72 

Circuit Notes 

This circuit operates like the one shown in the field current is unidirectional"but armature 
Fig. 57-4. The only differences are that the current is reversible; consequently the motor's 
field is placed across the rectified supply and direction of rotation is reversible. Potentiome- 
the armature is placed in the SCR bridge. Thus ter Rl controls the speed. 



TWO-PHASE MOTOR DRIVE 

T 



O.luF 




C3 

Q.Mjif 



Fig. 57-19 



456 



The Real Muslims Portal 



RMPInternational.TK 



5 k 
■ WW 



VlN 



DC SERVO AMPLIFIER 

SO k 
\AA 



+ 15 V 




•—HI 



Fig. 57-20 



f\s\Z£ 8 OR 9 12 Vdc 
SERVOMOTOR 



r 



15 V 



UNIVERSAL MOTOR SPEED CONTROL 



C! 



AC 

LINE 

VOLTAGE 



0! 

- — H- 

R2 

SPEED 
ADJUST 



JL D2 



R3 
C2 

-K- 



;®. 



MIXER. 

SEWING 
MACHINE.Oft 
SIMILAR 
UNIVERSAL 
MOTOR 

(MAX. CURRENT 
.5 AMR! 



Line 
Voltage 


120V 


240V 


Rl 


47 K 


100IC 


R2 


I OK 


20K 


R.3 


IK 


IK 


Ci 


1/iF, 50V 


1/uF, 100 V 


C2 


0.1 ^F. 50V 


O.ljuF, 50V 


Di 


1N5059 


1NS040 


D2 


1N5059 


1N5060 


SCR 


C106B1 


C106D1 



Fig. 57-21 



Circuit 

The resistor capacitor network R1-R2-C1 
provides a ramp-type reference voltage 
superimposed on top of a dc voltage adjustable 
with the speed- setting potentiometer R2. This 
reference voltage appearing at the wiper of R2 
is balanced against the residual counter emf of 
the motor through the SCR gate. As the motor 
slows down due to heavy loading, its counter 
emf falls, and the reference ramp triggers the 



Notes 

SCR earlier in the ac cycle. More voltage is 
thereby applied to the motor causing it to pick 
up speed again. Performance with the C106 
SCR is particularly good because the low trig- 
ger current requirements of this device allow 
use of a flat top reference voltage, which pro- 
vides good feedback gain and close speed reg- 
ulation. 
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POWER TOOL TORQUE CONTROL 




HT VAC 



TO DRILL 



PARTS LIST FOR 
POWER TOOL TORQUE CONTROL 



01, D2-1A, 400 PIV silicon 
rectifier (Calectro K4-S57 or 
equiv.) 

F1-3-A "Sla-bto" fuse 

R1— 2500-ohm, 5-watt resistor 



R2-250-ohm, 4-watt potentiometer 
R3-33-ohm, W-watt resistor 
SCR1-8-A, 400-PIV silicon 

controlled rectifier (HEP R1222) 



Fig. 57-22 



As the speed of an electric drill is de- 
creased by loading, its torque also drops. A 
compensating speed control like this one puts 
the oomph back into the motor. When the drill 
slows down, a back voltage developed across 
the motor— in series with the SCR cathode and 
gate— decreases. The SCR gate voltage there- 
fore increases relatively as the back voltage is 



Circuit Notes 

reduced. The extra gate voltage causes the 
SCR to conduct over a larger angle and more 
current is driven into the drill, even as speed 
falls under load. The SCR should be mounted in 
Vt -in. thick block of aluminum or copper at least 
1-in. square. If the circuit is used for extended 
periods use a 2 inch square piece. 



AC SERVO AMPLIFIER— BRIDGE TYPE 
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Vin O— 1{ W> — 




+ *» *,,,„.. MM „l 
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1.* u 



SERVOMOTOR 



100 pF 



Fig. 57-23 
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58 

Multivibrators 



1 he sources of the following circuits are contained in the Sources section beginning on page 730. The 
figure number contained in the box of each circuit correlates to the source entry in the Sources section. 

Monostable Circuit TTL Monostable 

Astable Multivibrator Monostable Circuit 

Astable Oscillator One-Shot Multivibrator 

Digitally Controlled Astable Multivibrator Monostable Multivibrator 

Dual Astable Multivibrator Bistable Multivibrator 

UJT Monostable 100 kHz Free-Running Multivibrator 

Monostable Multivibrator with Input 
Lock-Out 
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MONOSTABLE CIRCUIT 
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Fig. 58-1 



OUTPUT PULSE WIDTH n CAPACITANCE 



Circuit Notes 



If the output is low, application of a 
negative-going pulse to the trigger input sets 
the flip-flop (Q goes low), drives the output 
high, and turns off 1. Capacitor C is then 
charged through Ra until the voltage across the 
capacitor reaches the threshold voltage of the 
threshold input. If the trigger input has re- 
turned to a high level, the output of the 



threshold comparator will reset the flip-flop (Q 
goes high), drive the output low, and discharge 
C through Ql. Monostable operations is in- 
itiated when the trigger input voltage falls 
below the trigger threshold. Once initiated, the 
sequence will complete only if the trigger input 
is high at the end of the timing interval. 
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ASTABLE MULTIVIBRATOR 
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Fig. 58-2 




Circuit Notes 



o.i 



0.001 0.01 1 1 10 100 

C—Capadtancp-yF 



The capacitor C will charge through Ra and Rb, and then discharge through Rb only. 
The duty cycle may be controlled by the values of Ra and Rb. 
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ASTABLE OSCILLATOR 



1/4 CD409JB 




Circuit Notes 

Before power is applied, the input and 
output are at ground potential and capacitor C 
is discharged. On power-on, the output goes 
high (Vdd) and C charges through R until V is 
reached; the output then goes low (Vss). C is 
now discharged through R until Vn is reached. 
The output then goes high and charges C to- 
wards V P through R. Thus input A alternately 
swings between V P and Vn as the output goes 
high and low. This circuit is self-starting at 
power-on. 



Fig. 58-3 



DIGITALLY CONTROLLED ASTABLE MULTIVIBRATOR 
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Fig. 58-4 
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DUAL AST ABLE MULTIVIBRATOR 
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Fig. 5S-5 



Circuit Notes 



This dual astable multivibrator provides clock signals often required in digital systems, 

versatility not available with single-timer cir- It can also be inhibited by use of either reset 

cuits. The duty cycle can be adjusted from 5% terminal, 
to 95%. The two outputs provide two phase 
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Fig. 58-6 
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MONOSTABLE MULTIVIBRATOR WITH INPUT LOCK-OUT 
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Fig. 58-7 
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Fig. 58-8 



MONOSTABLE CIRCUIT 
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Fig. 58-9 



464 



The Real Muslims Portal 



RMPInternational.TK 



ONE-SHOT MULTIVIBRATOR 




■jrT^bi- 



Fig. 58-10 



BISTABLE MULTIVIBRATOR 
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Fig. 58-12 
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Fig. 58-11 



Fig. 58-13 
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59 
Noise Generators 



I he sources of the following circuits are contained in the Sources section beginning on page 730. The 
figure number contained in the box of each circuit correlates to the source entry in the Sources section. 

Audio Noise Generator Noise Generator 

Pink Noise Generator Wideband Noise Generator 

Noise Generator Circuit 
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AUDIO NOISE GENERATOR 




Fig. 59-1 



Q1 -Q3 ARE TYPE BC108 



Circuit Notes 



This simple circuit generates both white 
and pin noise. Transistor Ql is used as a zener 
diode. The normal base-emitter junction 
is reverse-biased and goes into zener break- 
down at about 7 to 8 volts. The zener noise 
current from Ql- flows into the base of Q2 such 
that an output of about 150 millivolts of white 
noise is available. To convert the white noise 
to pink, a filter is required which provides a 3 
dB cut per octave as the frequency increases. 



Since such a filter attenuates the noise consid- 
erably an amplifier is used to restore the output 
level. Transistor Q3 is this amplifier and the 
pink noise filter is connected as a feedback 
network, between collector and base in order 
to obtain the required characteristic by con- 
trolling the gain-versus-frequency of the 
transistor. The output of transistor Q3 is thus 
the pink noise required and is fed to the relev- 
ant output socket. 
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PINK NOISE GENERATOR 



100K 
-AAA/Wi 




AUDIO OUTPUT 



Fig. 59-2 



Circuit Notes 



A reverse-biased pn junction of a 2N2712 
transistor is used as a noise generator. The 
second 2N2712 is an audio amplifier. The 0.005 
/aF capacitor across the amplifier output re- 
moves some high-frequency components to 



simulate pink noise more closely. The audio 
output may be connected to high-impedance 
earphones or to a driver amplifier for speaker 
listening. 



NOISE GENERATOR 



220k 



10n 



S^rlf 



+15V 



1M 



Q1 
NPN 




nrm 




Fig. 59-3 



100k SET LEVEL 
Circuit Notes 



RANDOM NOISE 



f7777 



The zener breakdown of a. transistor junc- 
tion is used as a noise generator. The break- 
down mechanism is random and this voltage 
has a high source impedance. By using the op 
amp as a high input impedance, high ac gain 



amplifier, a low impedance, large signal noise 
source is obtained. The 100K potentiometer is 
used to set the noise level by varying the gain 
from 40 to 20 dB. 
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WIDEBAND NOISE GENERATOR 
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Fig. 59-4 



Circuit Notes 

This circuit will produce wideband rf noise. It uses a reverse-biased diode and has a 
low-impedance output. Can be used to align receivers for optimum performance. 

NOISE GENERATOR CIRCUIT 



C5 
0.1 M F 



m 




OUTPUT 



Fig. 59-5 



Circuit Notes 

The zener diode is an avalanche rectifier in the reverse bias mode connected toi:he 
input circuit ofa wideband rf amplifier. The noise is amplified and applied to the cascade 
wideband amplifier, transistors Q2 and Q3. 
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60 



Oscilloscope Circuits 



1 he sources of the following circuits are contained in the Sources section beginning on page 730. The 
figure number contained in the box of each circuit correlates to the source entry in the Sources section. 

Oscilloscope Converter Provides Four- Drawing Circles on a Scope 

Channel Displays Transmitter-Oscilloscope Coupler for CB 
Add-On Triggered Sweep Signals 

10.7 MHz Sweep Generator Oscilloscope Monitor 

Beam Splitter for Oscilloscope 
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OSCILLOSCOPE CONVERTER PROVIDES FOUR-CHANNEL DISPLAYS 
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Fig. 60-1 




Circuit Notes 



The monolithic quad operational amplifier 
provides an inexpensive way to increase dis- 
play capability of a standard oscilloscope. Bi- 
nary inputs drive the IC op amp; a dual flip-flop 
divides the scope's gate output to obtain chan- 



nel selection signals. All channels have cen- 
tering controls for nulling offset voltage. A 
negative-going scope gate signal selects the 
next channel after each trace. The circuit oper- 
ates out to 5 MHz. 
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ADD-ON TRIGGERED SWEEP 
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Fig. 60-2 
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Circuit Notes 



+V C c 



1-kn 

FREQUENCY 
.^ADJUST 




iiCkn 



+Vcc 



The circuit's input op amp triggers the timer, setting its flip-flop and cutting off its 
discharge transistor so that capacitor C can charge. When the capacitor voltage reaches 
the timer's control voltage (0.33Vcc), the flip-flop resets and the transistor conducts, 
discharging the capacitor. 
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Fig. 60-3 



n 



Circuit Notes 

This circuit is used to observe the response of an if amp or a filter. It can be used 
with an oscilloscope or, for more dynamic range, with a spectrum analyzer. 
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DRAWING CIRCLES ON A SCOPE 



1N914 




Fig. 60-4 



-O SINE 
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100k 

SET AMPLITUDE 



COSINE 



Circuit Notes 

The circuit is that of a quadrature sine and cosine oscillator. To generate circular 
displays, connect the two outputs to the X and Y inputs. 



TRANSMITTER-OSCILLOSCOPE COUPLER FOR CB SIGNALS 

t 



TO 

TRANSMITTER 

OUTPUT 

* _ 



L1 




TO VERTIGAL 
PLATES OF 
OSCILLOSCOPE 



Fig. 60-5 

Circuit Notes 

To display an rf signal, connect Ll to the height on the CRT. L2 = 4 turns #18 on W 

transmitter and points A and B to the vertical slug tuned rf coil form, Ll = 3 turns #22 adja- 

plaies of the oscilloscope. Adjust Ll for cent to grounded end of Ll, Cl, and C2 = 5 pF, 

minimum SWR and C3 for the desired trace C3 = 75 pF trimmer. 
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OSCILLOSCOPE MONITOR 
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Fig. 60-6 
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BEAM SPLITTER FOR OSCILLOSCOPE 



INPUT 1 




Fig. 60-7 



o^w^-\w 



Circuit Notes 

The basis of.the beam splitter is a 555 timer connected as an astable multivibrator. 
Signals at the two inputs are alternately displayed on the oscilloscope with a clear 
separation between them. The output is controlled by the tandem potentiometer RVla/b 
which also varies the amplitude of the traces. 
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61 

Phase Sequence 
and Phase Shift Circuits 



1 he sources of the following circuits are contained in the Sources section beginning on page 730. The 
figure number contained in the box of each circuit correlates to the source entry in the Sources section. 

Phase Sequence Indicator Phase Shift Circuits 

Single Transistor Phase Shifter Precision Phase Splitter 

0° to 180° Phase Shifter to 360° Phase Shifter 
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PHASE SEQUENCE INDICATOR 




PHASE ROTATION: ABC 

L1 -ON 

L2-OFF 



BAG 



PHASE ROTATION: 
L1 - OFF 
ON 



Circuit Notes 

Simple, portable phase-sequence indi- 
cator determines the proper phase rotation in 
polyphase circuits. Major components are two 
neon lamps, two resistors, and a capacitor. In 
operation, the leg voltages are unbalanced, so 
that the lamp with the maximum voltage — or 
proper phase sequence— lights. Table shows 
typical component values for various circuit 
frequencies. 



Fig. 61-1 



SINGLE TRANSISTOR PHASE SHIFTER 




OUT 



Fig. 61-2 



Circuit Notes 



This circuit provides a simple means of 
obtaining phase shifts between zero and 170°. 
The transistor operates as a phase splitter, the 
output at point A being 180° out of phase with 
the input. Point B is in phase with the input 



phase. Adjusting Rl provides the sum of vari- 
ous proportions of these and hence a continu- 
ously variable phase shift is provided. The cir- 
cuit operates well in the 600 Hz to 4 kHz range. 
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0° TO 180° PHASE SHIFTER 
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Fig. 61-3 
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Fig. 61-5 
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(a) Phase advance circuit. 

(b) Phase retard circuit. 
Fig. 61-4 



Fig. 61-6 

Circuit Notes 

Each stage provides. 0° to 180° phase 
shift. By ganging the two stages, 0° to 360° 
phase shift is achieved. The 2N3070 JFETs do 
not load the phase shift networks. 
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62 

Photography 
Related Circuits 



1 he sources of the following circuits are contained in the Sources section beginning on page 730. The 
figure number contained in the box of each circuit correlates to the source entry in the Sources section. 

Automatic Contrast Meter Flash Slave Driver 

Darkroom Timer Remote Flash Trigger 

Photo Stop Action Flash Exposure Meter 

Sound Light-Flash Trigger Shutter Tester 

Sound Activated Strobe Trip Photographic Timer 
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DARKROOM TIMER 




a x 4 MATRIX 






'r-i Tf *rX& 



Fig. 62-2 

Circuit 

The darkroom timer/controller uses few 
external components: a display, a digit driver, 
keyboard, and output switching devices. A 
4-digit common-cathode LED display is desir- 
able for dark room environments. The time 
base is provided by shaping up the 50/60 Hz ac 
line. A DPDT switch (Si) is used to select a 
resolution of .1 or 1 seconds and.to simultane- 



Notes 

ously move the decimal point. Timer/ 
controller has two switched ac outlets, one for 
the enlarger and one for the safe light. They are 
the complements of each other in that the safe 
light is on when the enlarger is not active and is 
off when the enlarger is printing. The buzzer is 
of the self-contained oscillator variety and op- 
erates with dc drive. 
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PHOTO STOP ACTION 
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Fig. 62-3 



Bulb firing system SCR 



Circuit Notes 



This circuit gives multiple "stop-action" 
photographic effects like showing a bouncing 
ball in up to nine locations in a single photo- 
graph. The circuit will automatically fire the 
bulbs sequentially with the time between each 
firing variable. The circuit is functionally com- 
plete except for the actual firing system. In 
many cases, a simple SCR will work, as shown. 
The firing can be initiated in one of two ways. A 



trigger pulse can be applied to the trigger input 
terminal through a capacitor, or can operate the 
unit as a slave. "Light from a. camera-mounted 
flash will activate the circuit through its built-in 
photocell pickup. The time period between 
each successive flash is determined by Cl and 
Rl, which is variable. After firing the circuit, it 
must be reset by momentarily depressing the 
reset button. 
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SOUND LIGHT-FLASH TRIGGER 
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Fig. 62-4 



1N914 



Circuit Notes 



Sound input to the microphone triggers time delay. This delay is adjustable— by vary- 
the IC monostable circuit which subsequently ing the monostable on-time— from from 5 mil- 
triggers an SCR, and hence the flash, after a liseconds to 200 milliseconds. 
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SOUND ACTIVATED STROBE TRIP 



MIC 



MINI-AMP 
MODULE 



6N0 



Rl 



s* — wv- 




SCRI 



I "^ - 



TO STSOSE 
LIGHT 
SYNC JACK 



Fig. 62-5 

Circuit 

Take strobe -flash pictures the instant a 
pin pricks a balloon, a hammer breaks a lamp 
bulb or a bullet leaves a gun. Use a transistor 
amplifier of 1-watt rating or less. (It must have 
an output transformer.) The amplifier is termi- 
nated with a resistor on its highest output im- 



Notes 



D1-HEP-154 silicon rectifier 
R1— 5000-ohm potentiometer 
R2-2700-ohm, %-watt resistor 
SCR1- silicon- controlled 

rectifier 
MIC— Ceramic microphone 



pedance, preferably 16 ohms. To test, darken 
room lights, open camera shutter, and break a 
lamp bulb with a hammer. The sound of the 
hammer striking the lamp will trigger the flash, 
and the picture will have been taken at that 
instant. 



FLASH SLAVE DRIVER 



♦ ildsh lead 




1,5V 



47S2 



Circuit Notes 

In photography,- a separate flash, triggered 
by the light of a master flash light, is often 
required to provide more light, fill-in shadows 
etc. The sensitivity of this circuit depends on 
the proximity of the master flash and the value 
of Rl. Increasing Rl gives increased sensitiv- 
ity. 



Fig. 62-6 
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REMOTE FLASH TRIGGER 



Q1-300-V light-activated silicon- 
controlled rectifier (LASCR) 
R1-47,000-ohm, V4-watt resistor 



to sync 
terminals 




Fig. 62-7 



Circuit Notes 

Transistor Ql is a light-activated silicon- 
controlled rectifier (LASCR). The gate is trip- 
ped by light entering a small iens built into the 
top cap. To operate, provide a 6-in. length of 
stiff wire for the anode and cathode connections 
and terminate the wires in a polarized power 
plug that matches the sync terminals on your 
electronic flashgun (strobelight). Make certain 
the anode lead connects to the positive sync 
terminal. When using the device, bend the con- 
necting wires so the LASCR lens faces the 
main flash. This will fire the remote unit. 



TLASH EXPOSURE METER 



CDS 

CELL 



V22K 



T~T 



riooo 




2N3055 



+ 6.8 «f 



to 



15V ?MEG 
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,-4 



12 



,100 frt 



H 



1 



RESET 



* +9 



3.3 
K 



IC = LM33g 



10K 



rf-f 



Fig. 62-8 



Circuit Notes 

Strobe light meter catches the peak of flash intensity and holds it long enough to 
give a reading. The reset button must be pressed before each measurement. 



484 



The Real Muslims Portal 



RMPInternational.TK 



SHUTTER TESTER 




hhih 
XTK 



Fig. 62-9 



Circuit Notes 

Shutter speed tester combines frequency counter, crystal oscillator, and photo- 
transistor-operated gate generator. Oscillator pulses are counted as long as the shutter 
is open. Reset is automatic at the instant the shutter opens. 

PHOTOGRAPHIC TIMER 




r^tn 



< > o 6" v. 



'i 



? " 



11 



_£_ 



H 




Fig. 62-10 
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63 



Power Measuring Circuits 



1 he sources of the following circuits are contained in the Sources section beginning on page 730. The 
figure number contained in the box of each circuit correlates to the source entry in the Sources section. 

Extended Range VU Meter (Dot Mode) Audio Power Meter 

Audio Power Meter Power Meter (1 kWf ull Scale) 

60 MHz Power Gab Test Circuit 
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AUDIO POWER METER 



D,ZW Q..m A-IW 1.IH JW SW I1W ZIW 5W i» 



|u |i7 |ii I is ii ii [n 111 v^ 



1 

\K1 



HEF HEF 

V~ V* R L0 SIP ft H* OUT |QJ MOPE 




Fig. 63-2 
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Fig. 63-3 
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POWER METER (1 kW FULL SCALE) 
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Fig. 63-4 



The circuit is intended for 117 Vac ± 50 
Vac operation, but can be easily modified for 
higher or lower voltages. It measures true 
(nonreactive) power being delivered to the 
load and requires no external power supply. 
Idling power drain is only 0.5 W. Load current 



Circuit Notes 

sensing voltage is only 10 mV, keeping load 
voltage loss to 0.01%. Rejection of reactive 
load currents is better than 100:1 for linear 
loads. Nonlinearity is about 1% full scale when 
using a 50 /xA meter movement 



60 MHz POWER GAIN TEST CIRCUIT 



Input 
(50 m 




Output 

(so m 



Fig, 63-5 



v l IAGC) 



LI - 7 Turns, #20 AWG Win. 5/16" Dia.. 

5/8" Long 
12 - 6 Turn, *!* AWG Win, 9/16" Dia.. 

Vt" Long 



H2VBC 



C1.CZ.C3* (1-30) pF 

C4 = (1-10)pF 
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Power Supplies (Fixed) 



1 he sources of the following circuits are contained in the Sources section beginning on page 730. The 
figure number contained in the box of each circuit correlates to the source entry in the Sources section. 



Switching Regulator Operating at 200 kHz 
5 V, 0.5 A Power Supply 
3 W Switching Regulator Application Circuit 
Regulated Split Supplies from a Single 

Supply 
Switching Step-Down Regulator 
Single-Ended Regulator 
±50 V Push-Pull Switched Mode Converter 
5 V/0.5 A Buck Converter 
±50 V Feed Forward Switch Mode 

Converter 
Traveller's Shaver Adapter 
100 Vrras Voltage Regulator 
Transistor Increases Zener Rating 
Dual Polarity Power Supply 
5.0 V/6.0 A, 25 kHz Switching Regulator 

with Separate Ultra-Stable Reference 
Mobile Voltage Regulator 



Negative Switching Regulator 

Positive Switching Regulator 

Positive Floating Regulator 

Negative Floating Regulator 

Negative Voltage Regulator 

- 15 V Negative Regulator 

Slow Turn-On 15 V Regulator 

High Stability 10 V Regulator 

5 V/l A Switching Regulator 

15 V/l A Regulator with Remote Sense 

Low Ripple Power Supply 

5.0 V/10 A Regulator 

5.0 V/3.0 A Regulator 

100 V/10.25 A Switch Mode Converter 

Voltage Regulator 

Low Voltage Regulators with Short Circuit 

Protection 
High Stability 1 A Regulator 



100 V/0.25 A Switch Mode Converter 
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SWITCHING REGULATOR OPERATING AT 200 kHz 



?2itfT_ 




Fig. 64-1 



tflallory THF120F10 
6-l20fjF capacitors 

in parallel 



Circuit Notes 



This circuit provides a regulated dc with 
less than 100 mV of ripple for microprocessor 
applications. Necessary operating voltages are 
taken from the bleeder resistor network con- 
nected across the unregulated 28 V supply. The 
output of the LM710 comparator (actually an 



oscillator running at 200 kHz) is fed through a 
level-shifting circuit to the base of bipolar 
transistor Q2. This transistor is part of a 
bootstrap circuit necessary to turn the power 
MOSFET full on in totem-pole MOSFET ar- 
rays. 



5 V, 0.5 A POWER SUPPLY 




Fig. 64-2 



Circuit Notes 



The circuit is essentially a constant 
source modified by the feedback components 
R2 and R3 to give a constant voltage output. 
The output of the ZN424E need only be 2 volts 
above the negative rail, by placing the load in 
the collector of the output transistor Tr2. The 



current circuit is achieved by Trl and R5. This 
simple circuit has the following performance 
characteristics: Output noise and ripple (full 
load) = 1 mV rms. Load regulation (0 to 0,5 A) 
= 0.1%. Temperature coefficient = ± 100 
ppm/°C. Current limit = 0.65 A. 
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3 W SWITCHING REGULATOR APPLICATION CIRCUIT 
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Fig. 64-3 



REGULATED SPLIT POWER SUPPLIES FROM A SINGLE SUPPLY 
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Fig. 64-4 



Values depend on load 
characteristics 
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Circuit Notes 

The oscillation frequency of the ICL7660 is reduced by the external oscillator 
capacitor, so that it inverts the battery voltage more efficiently. 



The Real Muslims Portal 



RMPInternational.TK 



SWITCHING STEP-DOWN REGULATOR 
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SINGLE-ENDED REGULATOR 



Fig. 64-6 



Fig. 64.5 



Circuit Notes 

In this conventional single-ended reg- 
ulator circuit, the two outputs of theSGl524 
are connected in parallel for effective 0-90% 
duty-cycle modulation. The use of an output 
inductor requires an RC phase compensation 
network for loop stability. 
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±50 V PUSH-PULL SWITCHED MODE CONVERTER 
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Fig. 64-7 



5 V/0.5 A BUCK CONVERTER 
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Fig. 64-8 
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±50 V FEED FORWARD SWITCH MODE CONVERTER 
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Fig. 64-9 



TRAVELLER'S SHAVER ADAPTER 
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Fig. 64-10 
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Circuit Notes 

Many countries have 115 volts mains 
supplies. This can be a problem if your electric 
shaver is designed for 220/240 volts only. This 
simple rectifier voltage doubler enables motor 
driven 240 volt shavers to be operated at full 
speed from a 115 volt supply. As the output 
voltage is dc, the circuit can only be used to 
drive small ac/dc motors. It cannot be used, for 
example, to operate vibrator-type shavers, or 
radios unless the latter are ac/dc operated. 
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100 Vrms VOLTAGE REGULATOR 



115 Vac 
60 Hz 



D1 

1 N4003 • 



C1 

10 l iF: 
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Fig. 64-11 



TRANSISTOR INCREASES ZENER RATING 
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Fig. 64-12 



The simple zener shunt in A may not 
handle sufficient current if the zener available 
is of low wattage. A power transistor will do 
most of the work for the zener as shown in B. 



Circuit Notes 

Once the zener starts conducting, a bias vol- 
tage develops across the resistor (330. fl to 1 
K), turning on the transistor. The output vol- 
tage is 0.7 V greater than the zener voltage. 
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DUAL POLARITY POWER SUPPLY 



+15 




Fig. 64-13 



ZD 1 and 2D 2 = 15V ZENER DIODES-BZX70 CT5 

Circuit Notes 

This simple circuit gives a positive and diodes in series provide the voltage division 
negative supply from a single transformer and their centerpoint is grounded. (The filter 
winding and one fall-wave bridge. Two zener capacitor must not be grounded via its case). 

5.0 V/6.0 A 25 kHz SWITCHING REGULATOR WITH SEPARATE ULTRA- 
STABLE REFERENCE 
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Fig. 64-14 
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MOBILE VOLTAGE REGULATOR 



.UNREGULATED 



Jl !ENER 



Fig. 64-15 



Circuit Notes 

This simple mobile voltage regulator cir- 
cuit may save your two meter or CB trans- 
ceiver if the voltage regulator fails. The 
2N3055 should be heat sinked if current drawn 
by the rig is in excess of 2 A on transmit. This 
circuit will do little under normal operating 
conditions, but could save expensive equip- 
ment if the vehicle's electrical system loses 
regulation. 
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Fig, 64-16 



POSITIVE FLOATING REGULATOR 
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Fig. 64-18 



POSITIVE SWITCHING REGULATOR 



NEGATIVE FLOATING REGULATOR 





REGULATED 
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Fig. 64-17 
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Fig. 64-19 
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NEGATIVE VOLTAGE REGULATOR 



HIGH STABILITY 10 V REGULATOR 




REGULATED 
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Fig. 64.20 



-15 V NEGATIVE REGULATOR 
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Fig. 64-21 




Fig. 64-23 



5 V/l A SWITCHING REGULATOR 
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Fig. 64-24 



SLOW TURN-ON 15 V REGULATOR 



15 V/l A REGULATOR 
WITH REMOTE SENSE 



'IN ■ 

isv 7 
— L— ci 



— v,„ v gu , _ t _ 

1 TT ' >HI 

CI ] <C 2* 

— v— lt»l j t» 

*X IMJilB 



."OUT 



R2 

1 Sfc 



X 




Fig. 64-22 



Fig. 64-25 
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LOW RIPPLE POWER SUPPLY 




Fig. 64-26 



Circuit 

This circuit may be used where a high 
current is required with a low ripple voltage 
(sueh as in a high powered class AB amplifier 
when high quality reproduction is necessary). 
Ql, Q2, and R2 may be regarded as a power 
darlington transistor. ZD1 and Rl provide a 
reference voltage at the base of Ql. ZD1 should 



Notes 

be chosen thus: ZDl = V<™-1.2. C2 can be 
chosen for the degree of smoothness as its 
value is effectively multiplied by the combined 
gains of Q1/Q2, if 100 nF is chosen for C2, 
assuming minimum hfe for Ql and Q2, C = 100 
x 15(Q1) x 25(Q2) = 37,000 /iF. 



5.0 V710 A REGULATOR 
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Fig. 64-27 



5.0 V/3.0 A REGULATOR 
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100 V/0.25 A SWITCH MODE CONVERTER 
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Fig. 64-29 



Tl, LI Ferroxcube 2616 core (3C8| 
Q1~2N3638 



Fig. 64-30 



VOLTAGE REGULATOR 
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NOTE 1 : R is used to bits ihrzenw. 

NOTE 2 if thr Zenpr TC ispmitrrt. nnd equal in 
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will give approximately zero TC. 
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LOW VOLTAGE REGULATORS WITH SHORT CIRCUIT PROTECTION 




FUSE 

500 mA 



FUSE 
500 mA 



VOLTAGE 


ZD1 
400mW 


R1 


6V 


6V2 


680ft 


7.5V 


7V5 


390(1 


9V 


9V1 


220il 



Circuit 

These short-circuit protected regulators 
give 6, 7.5, and 9 V from an automobile battery 
supply of 13.5 V nominal; however, they will 
function just as well if connected to a smoothed 
dc output from a transformer/rectifier circuit. 
Two types are shown for both positive and 
negative ground systems. The power transis- 
tors can be mounted on the heatsink without a 
mica insulating spacer thus allowing for greater 
cooling efficiency. Both circuits are protected 



Fig. 64-31 



Notes 

against overload or short-circuits. The current 
cannot exceed 330 m A. Under normal operat- 
ing conditions the voltage across R2 does not 
rise above the 500 m-V necessary to turn Q2 on 
and the circuit behaves as if there was only Ql 
present. If excessive current is drawn, Q2 
turns on and cuts off Ql, protecting the reg- 
ulating transistor. The table gives the values of 
Rl for different zener voltages. 



HIGH STABILITY 1 A REGULATOR 




Fig. 64-32 



Load and line regulation ■" 0.01% Temperature stability < 2% 
t Determines Zener cur rem 
ttSolid tantalum 
•Select resistors to se^ ouiput uofrage 2 ppm/'C Tracking suggested 
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100 V/0.25 A SWITCH MODE CONVERTER 



itsv 

SuC, 



w» . 



1:«k I 



/W 



.t.aa,f 

-MYLAA 



~1, 



B3 
5.1K 



L1 




HESS61 ^*j 

O 0.50V 3.7SVO 

fT-"^ EBBOffS}—| 



i" 



I" 



IffiK 



■-WV-*- 



I7K0 
- J Wtr- 



Fig, 64,33 
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65 



Power Supplies (Variable) 



i he sources of the following circuits are contained in the Sources section beginning on page 730. The 
figure number contained in the box of each circuit correlates to the source entry in the Sources section. 



Dual Output Bench Power Supply 

Power Supply with Adjustable Current 
Limit and Output Voltage 

Adjustable Output Regulator 

10 mA Negative-Voltage from a Positive 
Source 

Regulated Voltage Divider 

Variable Zener Diode 

12 V To 9, 7.5 or 6 V Converter 

5 A Constant Voltage/Constant Current 
Regulator 

Power Pack for Battery-Powered Cal- 
culators, Radios, or Cassette Players 



Precision High Voltage Regulator 
Remote Shutdown Regulator with Current 

Limiting 
to 22 V Regulator 
to 30 V Regulator 
10 A Regulator 

Adjustable Regulator 0-10 V at 3 A 
High Voltage Regulator 
Low Voltage Regulator 
Simple Split Power Supply 
Adjustable Output Regulator 
Multiple Output Switching Regulator for 

Use with MPUs 



6.0 A Variable Output Switching Regulator 
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DUAL OUTPUT BENCH POWER SUPPLY 



+_ C 



T 



^L 




v i \ 



Fig. 65-1 



POWER SUPPLY WITH ADJUSTABLE 
CURRENT LIMIT AND OUTPUT VOLTAGE 



IN»_-_<S 



LM117 

(1) 



-w 

IN4002 
v out1 fl SC v in2 



I™ {. 




LM117 
12) 



U OUtl 



■f • V C 



Oiodat Oj and Dj *na tr*n*l»ter Oj »r* #dd#d to ailqw »dju«tm«nt 
of^eutput voltigi to volti. 

Dg protacli both LM1 1 7 - i during An input ihorr circuit. 



Ad|uit 1 



> Ivolng* 

Adiw»t 
1 > — ^ttL_. 



T(nt*l*jm 



d7~1 



°4 

|_j IN4001 
Q 2 T^ 




-10 V 



OUTPUT FlANCE; 
< V < 2B V 
0* Iq< 1.2 A 



Fig. 65-2 
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ADJUSTABLE OUTPUT REGULATOR 



MC78MOSC -O- 



0.33 nf 



Output 

1 1~* 




0.1 



Circuit Notes 

The addition of an operational amplifier 
allows adjustment to higher or intermediate 
values while retaining regulation characteris- 
tics. The minimum voltage obtainable with this 
arrangement is 2,0 volts greater than the reg- 
ulator voltage. 



Vq. 7 V to 30 V 
V|N V >20V 



Fig. 65-3 



RF PROBE FOR VTVM 




Fig. 65-4 



Circuit Notes 

This circuit combines a 555 timer with a 
2N2222 transistor and an external potentiome- 
ter. The pot adjusts the output voltage to the 
desired value. To regulate the output voltage, 
the 2N2222 varies the control voltage of the 
555 IC, increasing or decreasing the pulse re- 
petition rate. A 1.2 K resistor is used as a 
collector load. The transistor base is driven 
from the external pot. If the output voltage 
becomes less negative, the control voltage 
moves closer to ground, causing the repetition 
rate of the 555 to increase, which, in turn, 
causes the 3 juF capacitor to charge more fre- 
quently. Output voltage for the circuit is to 10 
V, adjusted by the external pot. Output regula- 
tion is less than five percent for to lftmA and 
less than .05 percent for to 0.2 mA. 
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REGULATED VOLTAGE DIVIDER 




BATTERY >ioo'2 
OR S.2W 

REGULATED 1 ^ 
INPUT 



RV1 
250<2< 

2W 



Q1 

2N3054 

2N305S 



OUTPUT 




— n 
+ 1 CI 
^100,jF 
^IOOOjjF 



Fig. 65-5 



Circuit Notes 

ICs requiring 3.6 or 6 volts can be run from 
a battery or fixed regulated supply of a higher 
voltage by using the circuit shown. The transis- 
tor should be mounted on a heatsink as consid- 
erable power will be dissipated by its collector. 
Additional filtering can be obtained by fitting a 
capacitor (CD as shown. The capacitance "is 
effectively multiplied by the gain of the transis- 
tor, A ripple of 200 mV (peak to peak) at the 
input can be reduced to 2 mV in this fashion. 
Maximum output current depends on the sup- 
ply rating and transistor type (with. heatsink) 
used. 



VARIABLE ZENER DIODE 



R2 5k 



BC107 



R1 
68QS1 



4.7V 



* 



Fig. 65-6 



Circuit Notes 

The circuit behaves like a zener diode 
over a large range of voltages. The current 
passing through the voltage divider R1-R2 is 
substantially larger than the transistor base 
current and is in the region of 8 mA. The 
stabilizing voltage is adjustable over the range 
5-45 V by changing the value of R2. The total 
current drawn by the circuit is variable over the 
range 15 mA to 50 mA. This value is deter- 
mined by the maximum dissipation of the zener 
diode. In the case of a 250 mW device, this is of 
the order of 50 mA. 
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12 V TO 9, 7.5 or 6 V CONVERTER 



t2V NOMINAL 
FROM CAR BATTERY 



OUTPUT VOLTAGE 



2N3056 




B lift WATT) ,„ . 
ZENER DIODE ('$) . 



V. OUT 



9 1 7.5 



iann ?7off 



10V I 8V1 



^ML 



eve 



Circuit Notes 

This circuit enables transistorized items 
such as radio, cassettes, and other electrical 
devices to be operated from a car's electrical 
supply. The table gives values for resistors and 
specified diode types for different voltage. 
Should more than one voltage be required a 
switching arrangement could be incorporated. 
For high currents, the transistor should be 
mounted on a heatsink. 



Fig. 65-7 



5 A CONSTANT VOLTAGE/CONSTANT CURRENT REGULATOR 



-wv- 



H— I— CUflMHF -Cf <"! 

W__ ">' m /$mv 5 si 




VOLTAGE 
HDJUST" 



Fig. 65-8 



* Solid tantalum 

* Lights in constant current mode 
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POWER PACK FOR BATTERY-POWERED 
CALCULATORS, RADIOS, OR CASSETTE PLAYERS 




T1 




+ V 



Fig. 65-9 



NOTES: 
IC1 IS 7805 
01,2 ARE 1N4001 



Circuit Notes 

This circuit gives a regulated output of voltage and although this IC (the 7805) is nor- 
between 5 V and 15 Vdc, adjusted and set by a mally used in a fixed-voltage (5 Vdc) supply it is 
preset resistor. Current output up to about 350 for a variable output voltage. 
mA. An integrated circuit regulates the output 



PRECISION HIGH VOLTAGE REGULATOR 



V|fl>170V ■ 




! 



D2 
1IM001 



Ql.02: NSD134 Of similar 
C1.C2: 1 P F, ZOOVmylaf 
'Heal sink 



IMJ17L V 0UT 

ADJ 




1.0 pf 



R5 
1.5k 



V GUT 
» .+ . ..8VT0 

( 160V & 25 
< R8 
> 27 
$R6 1 

Sik— •— " 

1 —I — I.OuF 






5W 



VOLTAGE 
ADJUST 



Fig. 65-10 
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REMOTE SHUTDOWN REGULATOR 
WITH CURRENT LIMITING 
(V«,t= 2 TO 7 V) 




LOGIC INPUT 



IC=.|nA723 



Fig. 65-11 



TO 22 V REGULATOR 



• Ci 

■ (.1 at 



*m v auT ■ v 0UT 



4 

Is. 



'1MI1J 
1.2V 



f 






•R1-240O, R2 - 5k for CM138 *td LM23B 



Fig. 65-12 



TO 30 V REGULATOR 



"ID. 
»V 



»l» "OUT 



■V(JUT 



■:«i 



r- 



UHIU 






Fig. 65-13 



10 A REGULATOR 



v.* — ' — -AMf 




I s 



| I- IZD 



•Minimum load— 100 mA 



Fig. 65-14 
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ADJUSTABLE REGULATOR 0-10 V AT 3 A 



«Vl W, h < MV 




Fig. 65-15 



ii • 



a 

f i-iiv ro nv) 

NEED HOT »EB(0«*TiO 
A, - LM14I1A 
C, - ?, ( 0JT1SBM - I wmvti «I«LE BEjtCUOI. NOISE, AND TUIISIEIIt MSNMSE 



HIGH VOLTAGE REGULATOR 

(V,™, = + 7 V TO 37 V) 



i£ 



Vref Vout 




__. REGULATED 
OUTPUT 






R3 may be ehrninaied l Q' minimum component, counl 



Fig. 65-16 



LOW VOLTAGE 
REGULATOR (V«, = 2 TO 7 V) 



V 



r 



Vc 



VO0T 

CL 

CS 

N.I. Inv 



IV- COMP 



-vy\r- 



q 



Hi 

_vw — ' 



_~ REGULATED 
OUTPUT 



IDOpF 



VOUT 



{^"-l^-J 



R,R 2 



for minimum temperature drift 



Fig. 65-17 
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SIMPLE SPLIT POWER SUPPLY 



+ V !N 




Fig. 65-18 



VOUT 



Circuit 

This circuit utilizes the quasi- 
complementary output stage of the popular 
LM380 audio power IC. The device is inter- 
nally biased so that with no input the output is 
held midway between the supply rails. Rl, 
which should be initially set to mid-travel, is 
used to nullify any inbalance in the output. 
Regulation of V 0Bt depends upon the circuit 
feeding the LM380, but positive and negative 



Notes 

outputs will track accurately irrespective of 
input regulation and unbalanced loads. The 
free-air dissipation is a little over 1 watt, and so 
extra coolingmay be required. The device is 
fully protected and will go into thermal shut- 
down if its rated dissipation is exceeded. Cur- 
rent limiting occurs if the output current ex- 
ceeds 1.3 A. The input voltage should not ex- 
ceed 20 V. 



ADJUSTABLE OUTPUT REGULATOR 



INPUTt 



0.22 yF ; 



LM109 



3 CASE 



I 



-•OUTPUT 



Fig. 65-19 



4" 
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MULTIPLE OUTPUT SWITCHING REGULATOR FOR USE WITH MPUs 




A1 = MC3380P 



TVPICAL PERFORMANCE 
fV - 5 V i 5H) 

<T2ftHz * 20 hHzl 

P 0UtJ " *™ mW 

IVj; ■ II » ! 10SI 



Fig. 65-20 



6.0 A VARIABLE OUTPUT SWITCHING REGULATOR 



L* 






jjjV. e J I 



t— r 



-+—Wir~*>Af^ 



lMlKf 



-J1XIY niDPISHBUMfl DnJ AFI40L0 TyM a 11130(1 rCOBl 
"FOtJH DEVICES III PAFUUE4. 



Fig. 65-21 
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66 

Power Supply 
Protection Circuits 



The sources of the following circuits are contained in the Sources section beginning on page 730. The 
figure number contained in the box of each circuit correlates to the source entry in the Sources section. 

Electronic Crowbar for Ac or Dc Lines Overvoltage Protection for Logic 

Power Protection Circuit Fast Acting Power Supply Protection 

Simple Crowbar 5 V Crowbar 

Overvoltage Protection with Automatic 
Reset 
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ELECTRONIC CROWBAR FOR AC OR DC LINES 



Supply Voltage 
AC or DC 



Push To Test 



Set Point Adj. 



0.1 wF; 





MBS -4991 



To Electrical Or 
Electronic Equipment 



Triac 



Fig. 66-1 



Circuit Notes 



For positive protection of electrical or 
electronic equipment, use this against exces- 
sive supply voltage. Due to improper switch- 
ing, wiring, short circuits, or failure of reg- 
ulators, an electronic crowbar circuit can 
quickly place a short circuit across the power 
lines, thereby dropping the voltage across the 
protected device to near zero and blowing a 
fuse. The triac and SBS are both bilateral de- 
vices, the circuit is equally useful on ac or dc 
supply lines. With the values shown for Rl, R2, 
and R3, the crowbar operating point can be 
adjusted over the range of 60 to 120 volts dc or 
42 to 84 volts ac. The resistor values can be 



changed to cover a different range of supply 
voltages. The voltage rating of the triac must 
be greater than the highest operating point as 
set by R2. II is a low power incandescent lamp 
with a voltage rating equal to the supply vol- 
tage. It may be used to check the set point and 
operation of the unit by opening the test switch 
and adjusting the input or set point to fire the 
SBS. An alarm unit such as the Mallory 
Sonalert may be connected across the fuse to 
provide an audible indication of crowbar action. 
(This circuit may not act on short, infrequent 
power line transients). 



POWER PROTECTION CIRCUIT 



a_ 



■* v ch 



01 

IDA 

IOOV 

~+r— 



r 



►REPEATER 
CIRCUITRY 



Fig. 66-2 



Circuit Notes 



To safeguard portable, emergency power 
repeaters from reverse or excessive voltage, 
Dl prevents incorrect polarity damage, and 
zener voltage determines the maximum vol- 



tage that will reach the rest of the circuitry. 
Use fast blowing fuse rated greater than the 
SCR current rating. 



515 



The Real Muslims Portal 



RMPInternational.TK 



SIMPLE CROWBAR 



f~ 



SCR- 
50V, 




2N3702 



100R; 

4k7 

-vW — 4 



• 1k 



4V7 -Tl 
400mW m 



FUSE 



REGULATOR 
CIRCUIT 



"\_ 



QHm 



o 



Fig. 66-3 



Circuit Notes 



These circuits provide overvoltage pro- 
tection in case of voltage regulator failure or 
application of an external voltage. Intended to 
be used with a supply offering some form of 
short circuit protection, either foldback, cur- 
rent limiting, or a simple fuse. The most likely 
application is a 5 V logic supply, since TTL is 
easily damaged by excess voltage. The values 
chosen in A are for a 5 V supply, although any 
supply up to about 25 V can be protected by 
simply choosing the appropriate zener diode. 
When the supply voltage exceeds the zener 



voltage +0.7 V, the transistor turns on and 
fires the thyristor. This shorts out the supply, 
and prevents the voltage rising any further. In 
the case of a supply with only fuse protection, it 
is better to connect the thyristor the regulator 
circuit when the crowbar operates. The thyris- 
tor should have a current rating about twice the 
expected short circuit current and a maximum 
voltage greater than the supply voltage. The 
circuit can be reset by either switching off the 
supply, or by breaking the thyristor circuit with 
a switch. 
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OVERVOLTAGE PROTECTION WITH AUTOMATIC RESET 



VOLTAGE SENSING CIRCUIT 



TRIGGER CIRCUIT 



ZERO-POINT SWITCH 



R1 
15 k 
2W 




ay 

1NB314 



BZ 

s k INST 59 I 



^ 



% C1 
0.01 jiF 



"Two Diodes in Parallel 




Fig. 66-4 



OVERVOLTAGE PROTECTION FOR LOGIC 



FROM P&U < 




TO LOGIC CIRCUIT 
UNDER P0¥«H 



Fig. 66-5 



Circuit Notes 



Zener diode ZD1 senses the supply, and 
should the supply rise above 6 V, Ql will turn 
on. In turn, Q2 conducts clamping the rail. Sub- 
sequent events depend on the source supply. It 
will either shut down, go into current limit or 
blow its supply fuse. None of these will damage 



the TTL chips. The rating of Q2 depends on the 
source supply, and whether it will be required 
to operate continuously in the event of failure. 
Its current rating has to be in excess of the 
source supply. 
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FAST ACTING POWER SUPPLY PROTECTION 



+20 V 
o 



SCR1 

BT108 OR 

SIMILAR 



REGULATOR 



+ 12V 
-t "O 



ion 



-'WWV 



ZD1 13 V 




ioon 



Fig. 66-6 



Circuit 

When using a regulated power supply to 
reduce a supply voltage, there is always the 
danger that component failure in the power 
supply might lead to a severe overvoltage con- 
dition across the load. To cope with overvol- 
tage situations, the circuit is designed to pro- 
tect the load under overvoltage conditions. 
Component values given are for a 20 V supply 



Notes 

with regulated output at 12 V, The zener diode 
can be changed according to whatever voltage 
is to be the maximum. If the voltage at the 
regulator output rises to 13 V or above, the 
zener diode breaks down. and triggers the 
thyristor which shorts out the supply line and 
blows the main fuse. 



5 V CROWBAR 



V + 



LM336S.G 



100 




1~ 



001 >jf 



200 



SENSITIVE GATE 
SCR 



Fig. 66-7 
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67 
Probes 



X he sources of the following circuits are contained in the Sources section beginning on page 730 . The 
figure number contained in the box of each circuit correlates to the source entry in. the Sources section. 

Logic Probe Yields Three Discrete States Audible TTL Probe 

Signal Injector/Tracer Logic Probe 

Injector/Tracer Logic Test Probe with Memory 

CMOS Logic Probe Logic Probe 

RF Probe for VOM Simple Logic Probe 

100 K Megohm DC Probe Audio-RF Signal Tracer Probe 

TTL Logic Tester 
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LOGIC PROBE YIELDS THREE DISCRETE STATES 




Fig. 67-1 



Circuit Notes 



The circuit uses a dual LED, When power 
is applied to the probe through the power leads, 
and the input is touched to a low level or 
ground, Ql is cut off. This will cause Q2 to 
conduct since the base is positive with respect 
to the emitter. With Ql cut off and Q2 con- 
ducting, the green diode of the dual LED will be 
forward biased, yielding a green output. 
Touching the probe tip to a high level will cause 



Ql and Q2 to complement, and the red diode 
will be forward biased, yielding a red output 
from the LED. An alternating signal will cause 
alternating conduction of the red and green 
diodes and will yield an indication approxi- 
mately amber. In this manner, both static and 
dynamic signals can be traced with the logic 
probe. 
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SIGNAL INJECTOH/TRACER 




]C1 CD4001AE 



Injector circuit diagram. 



Fig. 67-2 




> 10k 

10k audio P 1 _ . 

1 C4 13 

_L 10u/15v 

Tracer circuit diagram. 




The injector is a CMOS oscillator with 
period approximately equal to 1.4 xCl x R2 
seconds. The values are given for 1 kHz opera- 
tion. Resistors R3 and R4 divide the output to 1 
V. Whereas the oscillator employs the gates in 
their digital mode, the tracer used them in a 
linear fashion by applying negative feedback 
from output to input. They are used in much the 
same way as op amps. The circuit uses positive 



Circuit Notes 

ground. It offers an advantage at the earphone 
output because one side of the earphone must 
be connected to ground via the case. Use of a 
positive ground allows the phone to be driven 
by the two N-channel transistors inside the 
CD4001 which are arranged in parallel and are 
thus able to handle more current for better 
volume. 
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INJECTOR/TRACER 



TO'X' 




OSK1 
OUTPUT 
SK2 



COV 



Fig. 67-3 



OOV 



TRACER 



The circuit diagrams for both parts of the injector/ tracer Note that SK4 is used to 
apply power to the amplifier section. 



Circuit Notes 

The unit has a separate amplifier and os- the output to a suitable level («1 V). The tracer 

dilator section allowing them to be used sepa- is a single-stage amplifier that drives the high 

rately if need be. The injector is a multivibrator impedance earpiece. C4 decouples the input. 
running at 1 kHz, with R5 and K6 dividing down 
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CMOS LOGIC PROBE 




«0Ot TOP VIEW 



Fig. 67-4 



Circuit Notes 



The logic probe can indicate four input 
states, as follows: floating input— all LEDs off; 
logic input— D2 switched on (D3 will briefly 
flash on); logic 1 input— Dl switched on; puls- 



ing input— D3 switched on, or pulsing in the 
case of a low frequency input signal (one or 
both of the other indicators will switch on, 
showing if one input state predominates). 



RF PROBE FOR VOM 



PARTS LIST FOR 
RF PROBE FOR VOM 

CI-500-pF, 400-VDC capacitor 
C2-0.001-uF, disc capacitor 
D1-1N4149 diode 
R1-15,000-ohm, Vk-watt resistor 



ci 



-SHIELDED CABLE 



RF 
INPUT 



>RI 



D{ r-siitLE 

M + y Q~~D — 

1 P 



I 



TO VOM 



Fig. 67-5 

Circuit Notes 

This probe makes possible relative measurements of rf voltages to 200 MHz on a 
20,000 ohms-per-volt multimeter. Rf voltage must not exceed the breakdown rating of 
the 1N4149— approximately 100 V. 
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100 K MEGOHM DC PROBE 



l/P o 




Fig. 67-6 



Circuit Notes 



A 741 op amp is used with 100% ac and dc 
feedback to provide a typical input impedance 
of 10 11 ohm and unity gain. To avoid hum and rf 
pickup the input leads should be kept as short 
as possible and the circuit should be mounted in 
a small grounded case. Output leads may be 



long since the output impedance of the circuit is 
a fraction of an ohm. With no input the output 
level is indeterminate. Including Rl in the cir- 
cuit through lowers the input impedance to 22 
M. 



AUDIBLE TTL PROBE 

O' OSCILLATOR 



PROBE 



"^ ZJJ^-f — |= [5> a — ^^^ — r^-E^^^ — 



GENERAL V 
PU PURPOSE 
NPN. E.G. 
ZTX300 




Fig. 67-7 



0.22^Fd TANTALUM 



ALL GATES ARE 2 INPUT NANUS 

I.E. 7400 

+5 V TO PINS 14 

0V TO PINS 7 



Circuit Notes 

When the probe is in contact with a TTL low (0) the probe emits a low note. With a 
TTL high (1), a high note is emitted. Power is supplied by the circuit under test. 
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LOGIC PROBE 




Fig. 67-8 



CIV )Z=-re"^ 




"1 CIRCUIT TO ADJUST 
! THRESHOLDS 



Circuit Notes 



Transistors Ql and Q2 form a buffer, pro- 
viding the probe with a reasonable input impe- 
dance. Q3 and Q4 form a level detecting circuit. 
As the voltage across the base-emitter junction 
of the Q3 rises above 0,6 V the transistorturns 
on thus turning on Q.4 and lighting the red 
(high) LED. Q5 and Q6 perform the same func- 



tion but for the green (low) LED. Ql, Q4, Q5 
are all PNP general purpose silicon transistors 
(BC178 etc). Q2, Q3, Q6 are all PNP general 
purpose silicon transistors (BC 108 etc.) The 
threshold low is ^ 0. 8 V, and the thre sho Id high 
is 3= 2.4 V. 



LOGIC TEST PROBE WITH MEMORY 







Fig. 67-9 



Circuit Notes 

There are two switches: a memory disable 
switch and a pulse polarity switch. Memory 
disable is a push-button that resets the memory 
to the low state when depressed. Pulse polarity 
is a toggle switch that selects whether the 
probe responds to a high-level or pulse (+5 V) 
or a low-level or pulse (ground). (Use IC logic 
of the same type as is being tested). 
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LOGIC PROBE 




Fig. 67-10 



Circuit Notes 



The probe indicates a high or low at 70% 
and 30% of V+ (5 to 12 V). One section of the 
voltage comparator (LM393) senses V in over 
70% of supply and the second section senses V 
in under 30%. These two sections direct-drive 
the appropriate LEDs. The pulse detector is a 



CMOS oneshot (MC 14538) triggered on the 
rising edge of the LM393 outputs through 
1N4148 diodes. With the RC values shown, it 
triggered reliably at greater than 30 kHz on 
both sine and square waves. 



SIMPLE LOGIC PROBE 




Fig. 67-11 



Circuit Notes 

If the probe is connected to logic 0, Ql will be turned on lighting Dl. At logic 1, Q2 
will be turned on lighting D2. For Ql and Q2 any NPN or PNP transistors will do. 
Similarly, Dl and D2 can be any LEDs. 
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AUDIO-RF SIGNAL TRACER PROBE 



PROBE 




0+6V 



J "^ TO AUDIO 



AMP 



AUDIO 



Circuit Notes 

This economical signal tracer is useful for 
servicing and alignment work in receivers and 
low power transmitters. When switched to RF, 
the modulation on any signal is detected by the 
diode and amplified by the FET. A twin-core 
.shielded lead can be used to connect the probe 
to an amplifier and to feed 6 volts to it. 



Fig. 67-12 



TTL LOGIC TESTER 



MONSANTO MAN 10A- 




INp UT ~ G2 

(PROBE) 



G1, 62. G3 = SN7400 



Fig. 67-13 



200 n 



< ANODE +V 



Circuit Notes 



Gates Gl and G2 together with resistors 
Rl and R2 form a simple voltage monitor that 
has a trip point of 1.4 volts. Gate G3 is simply 
an inverter. The display section of the tester 
consists of a common anode alphanumeric LED 



andcurrent-limitingresistors.lt indicates 
whether the input voltage is above or below 1.4 
V, and displays a H or a L (for high or low 
logic-level) respectively. 
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68 



Pulse Generators 



1 he sources of the following circuits are contained in the Sources section beginning on page 730. The 
figure number contained in the box of each circuit correlates to the source entry in the Sources section. 

Pulse Generator Pulse Generator 

Single Op Amp Oscillator Free-Running Oscillator 

Programmable Pulse Generator Pulse Generator with 25% Duty Cycle 

Unijunction Transistor Pulse Generators Pulse Generator 

Pulse Generator 555 Timer Oscillator 

Versatile Two-Phase Pulse Generator 
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PULSE GENERATOR 




—jljl 



Circuit Notes 

The duty cycle of the output pulse is equal 
to R4/(R4 + R5) x 100%. For duty cycles of 
less than 50%, Dl can be eliminated and R2 
raised according to the following formula: 



R4(actual) = 



R5 x R4(eff) 
R5 - R4(eff) 



Fig. 68-1 



R4(eff) is the effective value of R4 in the circuit 
and R4(actual) is the actual value used; R4(ac- 
tual) will always be larger than R4(eff). 



i us 

rrffi 




10k 1N9U 

' — wv — M- 



SINGLE OP AMP OSCILLATOR 

Circuit Notes 

This circuit has a Schmitt trigger and in- 
tegrator built around one op amp. Timing is 
controlled by the RC network. Voltage at the 
inverting input follows the RC charging expo- 
nential within the upper and lower hysteresis 
levels. By closing the switch SW1, the dis- 
charge time of the capacitor becomes ten times 
as fast as the rise time. Thus a square wave 
with an 10:1 mark space ratio is generated. 



Fig. 68-2 



PROGRAMMABLE PULSE GENERATOR 




Circuit Notes 

Fast rise and fall times require the use of 
high speed switching transistors for the diffe- 
rential pair, Q4 and Q5. Linear ramps and sine 
waves may be generated by the appropriate 
reference input. 



Fig. 68-3 
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UNIJUNCTION TRANSISTOR PULSE GENERATORS 




j-VW-ii 



Of 



Fig. 68-4 



(*) hlfetr With Unijunction (b) Pulsar With Compltrntntinr (0 Piilsir With Prsirammible 
Transiitor Unijunction Transiitsr Unijunction Translitor 



PULSE GENERATOR 
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o 



JR»f 
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Output is TTL compatible 
Duty cycleis adjusted by ni 
Frequency is adjusted by C 



"•'IIIUL 

1= t MHz 

Duly cycle = 20% 



Fig. 68-5 



PULSE GENERATOR 



D1 
"1 1N914 <1»k 
1-0 w 




toil tj 



*OR LiRQE RATIO* OF Rtffll, 
D1 CAN »E OMITTED 



Fig. 68-6 
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FREE-RUNNING OSCILLATOR 



ii — wv — •- 
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Fig. 68-7 



PULSE GENERATOR 



OUTPUT 



IKO(MtN) 




juyinr 

DUTY 
5KCi CVLCE 
ADJUST 



Fig. 68-9 



PULSE GENERATOR 
WITH 25% DUTY CYCLE 



555 TIMER OSCILLATOR 



an i 
» » I 1 



J 



innr 




«.v K 



s:c, 



1.. 



duty 



Rb 



Fig. 68-8 



(Ra + 2Rb)C cycle Ra + 2 Rb 
a. f = 120 kHz, C = 1200 pF, Ra = Rb - 10 k n 

Fig. 68-10 
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VERSATILE TWO-PHASE PULSE GENERATOR 



REFERENCE PPM 2 IC, 
CAPACITOR qeFEflENCE 
VOLTAGE p,M, C 

RAMP - *- 



REFERENCE 

. pin a rcj 



^ 
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P*N ? IC 3 
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Jl 



Typical Waveforms of ths Two Phaw 
Pulsa Generator 



*SET2 
1QMU 









:-H__n_ 



- :n_rL 

CLOCK -"* ' ' ■— 



Fig. 68-11 



Circuit Notes 

Two-phase clock generator uses two L161s to generate pulses of adjustable widths 
andphase relationships. Ramp generator feeds two variable window comparators formed 
by IC2A-IC2B and IC2C-IC2D respectively. 
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69 



Radiation Detectors 



J. he sources of the following circuits are contained in the Sources section beginning on page 730. The 
figure number contained in the box of each circuit correlates to the source entry in the Sources section. 

Dosage-Rate Meter Sensitive Geiger Counter 

Wideband Radiation Monitor Geiger Counter 

Gamma Ray Pulse Integrator Nuclear Particle Detector 
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DOSAGE-RATE METER 



1N3191 




Fig. 69-1 






O 

> 



>° 




200 400 600 800 1000 

DOSE RATE <RADS/MIN) 



Circuit Notes 



A commercial diode is the detector in this 
highly accurate radiation monitor. The lowdrift 
FET-input op amp amplifies detector current 
to a usable level, and the chopper-stabilized 
amplifier then provides additional gain while 
minimizing any error caused by ambient- 
temperature fluctuations. Gain is adjusted so 



that the output voltage is 1% of incident radia- 
tion intensity in rads per minute; therefore 
voltage can be displayed on 3^ digit DVM for 
direct reading of dosage rate. Output voltage 
from the monitor is linearly proportional to 
radiation intensity at the diode. 
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WIDEBAND RADIATION MONITOR 




Fig. 69-2 



Circuit Notes 

A sensitive radiation monitor may be sim- integrates the output of A3 in order to drive a 

ply constructed with a large-area photodiode microammeter. A 1 microfarad capacitor is 

and a quad operational amplifier. Replacing the used in the integrating network. A lower value, 

glass window of the diode with Mylar foil will say, 33 nanofarads, will make it possible to 

shield it from light and infrared energy, enabl- drive a small loudspeaker (50-hertz output sig- 

ing it to respond to such nuclear radiation as nal) or light-emitting diode, 
alpha and beta particles and gamma rays. A4 
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GAMMA RAY PULSE INTEGRATOR 
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t 
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Fig. 69-3 



SENSITIVE GEIGER COUNTER 
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Fig. 69-4 
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GEIGER COUNTER 
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Fig. 69-5 



Circuit Notes 



The Geiger tube needs a high voltage sup- 
ply which consists of Ql and its associated 
components. The transformer is connected in 
reverse; the secondary is connected as a 
Hartley oscillator, and Rl provides base bias. 



Dl, D2, C4, and C5 comprise a voltage doubler. 
RV1 should be set so that each click heard is 
nice and clean because over a certain voltage 
range all that will be heard is a continuous buzz. 



NUCLEAR PARTICLE DETECTOR 



Mia* *1S0V 

PARTICLE v 



SHIELD 




■O'ISW 



Fig. 69-6 
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Ramp Generators 



X he sources of the following circuits are contained in the Sources section beginning on page 730. The 
figure number contained in the box of each circuit correlates to the source entry in the Sources section. 

Staircase Generator Precision Ramp Generator 

Linear Voltage Ramp Generator Ramp Generator with Variable Reset Level 
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STAIRCASE GENERATOR 



IV — ■ l 



BV — i 
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Fig. 70-1 



LINEAR VOLTAGE RAMP GENERATOR 



v c c 



D<sltll 3 
Output 



Triog«n 
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MC1S55 
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T 




Fig. 70-2 



Control 
C.Ot -p Voltag* 



Circuit Notes 

In the monostable mode, the resistor can be replaced by aconstant current source to 
provide a linear ramp voltage. The capacitor still charges from to 2/3 Vcc. The linear 
ramp time is given by the following equation: 



1 = 



Vcc - Vb - Vbe 



t = ■ 



Vcc 



Re 3 I 

If Vb is much larger than Vbe, then t can be made independent of Vcc. 
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PRECISION RAMP GENERATOR 
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Fig. 70-3 



RAMP GENERATOR WITH VARIABLE RESET LEVEL 
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Fig. 70-4 
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Receivers 



lhe sources of the following circuits are contained in the Sources section beginning on page 730. The 
figure number contained in the box of each circuit correlates to the source entry in the Sources section. 



Clock Radio 

AM/FM Clock Radio 

AM Radio 

FM Stereo Demodulation System 

Analog Receiver 



FM Radio 

Simple LF Converter 
CMOS Line Receiver 
Squelch Circuit for AM or FM 
VLF Converter 
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CLOCK RADIO 
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Fig. 71-1 
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AM RADIO 
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Fig. 71-3 
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Fig. 71-4 
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ANALOG RECEIVER (LOW TEMPERATURE DRIFT) 









— 6 c 



f.!0 



-/ +» 



-©- 



-O — 




2-, 



4y — 9-- II Jr- 

—— wv 1 

11)/ 

T l lh- 



--©- J 



* 4-15 




Wr- 



» W\ * 



n 




Fig. 71-5 
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Fig. 71-6 
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SIMPLE LF CONVERTER 



, 3 5UHI CRYSTAL 
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^ 



Fig. 71-7 



"~a 



This converter allows coverage from 25 
kHz up to 500 kHz. Use short coax from the 
converter to receiver antenna input. Tune the 
receiver to 3.5 MHz, peak for loudest crystal 
calibrator and tune your receiver higher in fre- 



Circuit Notes 

quency to 3.6 MHz and you're tuning the 100 
kHz range. 3.7 MHz puts you at 200 kHz, 3.8 
MHz equals 300 kHz, 3.9 MHz yields 500 kHz, 
and 4.0 MHz gives you 500 kHz. 



CMOS LINE RECEIVER 




Circuit Notes 

The trip point is set half way between the 
supplies by Rl and.R2; R3 provides over 200 
mV of hysteresis to increase noise immunity. 
Maximum frequency of operation is about 300 
kHz. If response to TTL levels is desired, 
change R2 to 39 K. The trip point is now cen- 
tered at 1.4 V. 



Fig. 71-8 



546 



The Real Muslims Portal 



RMPInternational.TK 



SQUELCH CIRCUIT FOR AM OR FM 
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Fig. 71-9 



C3 ■ 



Qu C(2A i 1] 



Squelch 
PI3C4>5T ln Th^hotdAdj 
Where: Tj n is the period of Vj n 
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Fig. 71-10 
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Circuit Notes 



This converter uses a low-pass filter in- 
stead of the usual tuned circuit so the only 
tuning required is with the receiver. The dual- 
gate MOSFET and FET used in the mixer and 
oscillator aren't critical. Any crystal having a 
frequency compatible with the receiver tuning 
range may be used. For example, with a 3500 



kHz crystal, 3500 kHz on the receiver dial 
corresponds to zero kHz; 3600 to 100 kHz; 
3700 to. 200 kHz, etc. (At 3500 khz on the 
receiver all one can hear is the converter os- 
cillator, and VLF signals start to come in about 
20 kHz higher.) 



547 



The Real Muslims Portal 



RMPInternational.TK 



72 

Resistance and 
Continuity Measuring Circuits 



1 he sources of the following circuits are contained in the Sources section beginning on page 730. The 
figure number contained in the box of each circuit correlates to the source entry in the Sources section. 

Linear Scale Ohmmeter Audio Continuity Tester 

Ohmmeter Low Resistance Continuity Tester 

Low Parts Count Ratiometric Resistance "Buzz Box" Continuity and Coil Checker 

Measurement Linear Scale Ohmmeter 

Bridge Circuit 
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LINEAR SCALE OHMMETER 
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Circuit Notes 

This circuit is designed to provide accu- 
rate measurement and a linear resistance scale 
at the high end. The circuit has four ranges. 
Another meter with a current range of 10 /x A to 
10 mA and sensitivity of 10,000 ohms per volt 
is needed for setting up. 



Fig. 72-1 



OHMMETER 



2.7K 



tK 

(standard resistor, 

see text) 



3v. 

HEP Z0206 
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* 




1NS4 
HEP R134 
H — 



O 



Rx 
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Fig. 72-2 



►2.7K 



0-lmA 



Circuit Notes 

This circuit has a linear reading scale, requires no calibration, and requires no zero 
adjustment. It may be made multirange by switching in different standard resistors. 
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LOW PARTS COUNT RATIOMETRIC RESISTANCE MEASUREMENT 
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Circuit Notes 

The unknown resistance is put in series 
with a known standard and a current passed 
through the pair. The voltage developed across 
the unknown is applied to the input and the 
voltage across the known resistor applied to 
the reference input. If the unknown equals the 
standard; the display will read 1000. The dis- 
played reading can be determined from the 
following expression: 



Fig. 72-3 



Displayed Reading = 



Kunknow 



x 1000 



Kstandard 

The display will overrange for Rmknown, ^ 2 x 

Kstandard. 



AUDIO CONTINUITY TESTER 



+9 Vdc 



22kfl 




Fig. 72-4 



LED 

DIAL LIGHT * 
521-9200 



Circuit Notes 

This low-current audio continuity tester indicates the unknown resistance value by 
the frequency of audio tone. A high tone indicates a low resistance, and a tone of a few 
pulses per second indicates a resistance as high as 30 megohms. 
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LOW RESISTANCE CONTINUITY TESTER 




1 0K POTENTIOMETER 
(FOR SETTING THRESHOLD) 
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UNLESS OTHERWISE INDICATED. 

Circuit Notes 



Fig. 72-5 



This tester can be used to check IC 
printed circuit boards. Two 4.7 K resistors and 
the transistors connected to them prevent cur- 
rent flow through the operational amplifier 
until the probe circuit is completed. The zener 



diode in series with the operational amplifier 
output prevents audio oscillator operation until 
the positive output of the operational amplifier 
has sufficient amplitude. 



"BUZZ BOX" CONTINUITY AND COIL CHECKER 
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Fig. 72-6 



Circuit Notes 

Differences between shorts, coils, and a 
few ohms of resitance can be heard. 
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LINEAR SCALE OHMMETER 



°i T 




Fig. 72-7 



Circuit Notes 



One preset resistor is used for all the 
ranges, simplifying the setting up. Diode 
clamping is included to prevent damage to the 
meter if the unknown resistor is higher than the 
range selected. When the meter has been as- 



sembled, .a 10 K precision resistor is placed in 
the test position, Rx; the meter is set to the 10 K 
range and RVl is adjusted for full scale deflec- 
tion. 
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Fig. 72-8 



Circuit Notes 

For measurement of resistances from about 5 ohms down to about 1/10 ohm. 
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RF Amplifiers 



1 he sources of the following circuits are contained in the Sources section beginning on page 730. The 
figure number contained in the box of each circuit correlates to the source entry in the Sources section. 



100 W PEP 420-450 MHz Push-Pull Linear 

Amplifier 
140 W (PEP) Amateur Radio Linear 

Amplifier (230 MHz) 
160 W (PEP) Broadband. Linear Amplifier 
80 W (PEP) Broadband/Linear Amplifier 
Single-Device, 80 W, 50 Ohm VHF 

Amplifier 
600 W RF Power Amplifier 
Wideband 1JHF Amplifier with High- 

Performance FETs 
10 MHz Coaxial Line Driver 
VHF Preamplifier 
Shortwave FET Booster 
Low-Noise 30 MHz Preamplifier 
Low-Noise Broadband Amplifier 
Two-Meter 10 Watt Power Amplifier 
Two-Stage 60 MHz IF Amplifier 



28 V Wideband Amplifier 

200 MHz Cascode Amplifier 

135-175 MHz Amplifier 

200 MHz Cascode Amplifier 

100 MHz and 400 MHz Neutralized Com- 
mon Source Amplifier 

Ultra High Frequency Amplifier 

UHF Amplifier Inverting Gain of 2 with 
Lag-Lead Compensation 

TransistorizedQ-Multiplierfor Use with 
IFs in the 1400 kHz Range 

60 MHz Amplifier 

30 MHz Amplfier 

Two Meter Amplifier, 5 W Output 

80 MHz Cascode Amplifier 

200 MHz Neutralized Common Source 
Amplifier 

450 MHz Common-Source Amplifier 
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100 W PEP 420-450 MHz PUSH-PULL LINEAR AMPLIFIER 











"I 



.JT 



Tt A T2 - Batun, Unbafanced to Balanced R-G 5B. I - 2.5" 
R1 - 1 k, 1/2 W 
"R2 - mn, 1/2 w 
H3 - lOSi, 1/2 W 
R4 - 5.S n, 1 W 

fts - 5.6 si, 1 W 

R6 - 2.7 Si, 1/4 W 

Z1 & Z3 Micj-o?trip - W - 200 mils. I = 1.8." 

Z2 & Zd - Microstrlp - W - 2O0 mils. I = 300 mils 

Z5 & 26 - MIcYostrip W = 150 mils, i - 300 mils 

ZB Br Z8 - Microslrip — W = 150 mils, I - 1.4" 

RFC1, 4— Ferro*eubB Baacf 96 59Q-65-3B 

RFC2.3 - 0. 15 jjH Carhbion Mold«d Coil 

RFC5, 6 - 1 Turn #20 Enameled WJrq Wound on 5/16" BoH 

RFC7, 8 - VK200 20/4B 

CT,3.4,5, 7,8, 11,15 - Underwood 40 pF 

C12;16 - Underwood 25 pF 

C13, 14, 22. 23 - Undarwood IB pF 

C£. 10,18,20 - 1 fif Tantalum 



■f 



"'1 

C21, 24 - Underwood 10 pf ~ 

C2.6 - Area 403 

CI 7:19 - Underwood J102. 1000 pF Feed Thru 

C25, 26 - 0. 1 MF. Erf« Rad Cap 

LI - 24r>H r #14 Wire, r = 1 2' 

L2 - I 2 nH, Bt4 Wire, f * 0.6" 

L3 - 34 nH, r14 Wire, 1 - 1.2" 

Board - G10, fR*5. t = 0.062", I - S.Q". W = 4.0" 

Ql 2NS»93 

Q3 - 2N5194 

Q3 - MRF309 

Q4 - MRF309 

D1 - 1N4001 



Fig. 73-1 



Circuit Notes 



This 100 watt linear amplifier may be con- 
structed using two MRF309 transistors in 
push-pull, requiring only 16 watts drive from 
420 to 450 MHz, Operating from a 28 volt 
supply, eight dB of power gain is achieved 
along with excellent practical performance 



featuring: maximum input SWR of 2:1, har- 
monic suppression more than— 63 dB below 
100 watts output, efficiency greater than 40%, 
circuit stability with a 3:1 collector mismatch at 
all phase angles. 
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140 W (PEP) AMATEUR RADIO LINEAR AMPLIFIER (2-30 MHz) 



=IFout>-Q- 



"Fin>- 



fjy L C4 T m; tL cs; fl C7; r : 

R4$ I 1, * 1 1 




111 — z 



H3? i^C3 



R7 K^ 



I 



^ 



L 



-O* 136 Vdc 



C1 = 33 pF Dipped Mica 

C2 = 18 pF Dipped Mica 

C3 * 10 /jF 35 Vdc for AM operation, 
100 juF 35 Vdc for SSB operation 

C4 = .1/jF Erie 

C5 = 10/iF 35 Vdc Electrolytic 

C6 ~ 1 /LlF Tantalum 

C7 = .001 tit Erie Disc 

C8, 9 = 330 pF Dipped Mica 

R1 = 100 k« 1/4 W Resistor 

R2, 3 - 10 kn 1/4 W Resistor 

R4 ■ 33ft 5WWireWound Resistor 

R5, 6 = 10 Jl 1/2 W Resistor 



Fig. 73-2 



R7 


- 


100ft 1/4 W Resistor 


RFC1 


= 


9 Ferroxcube Beads on #18 AWG Wire 


D1 


= 


1N4001 


i, D2 


= 


1N4997 


0.1,0.2 


■= 


2N4401 


Q3.4 


- 


MRF4B4 


T1,T2 


= 


16:1 Transformers 


C20 


- 


910 pF Dipped Mica 


C21 


= 


1100pF Dipped Mica 


C10 


= 


24 pFDipped Mica 


C22 


= 


500 fiF 3 Vdc Electrolytic 


K1 




Potter & Brumfield 

KT1 1A 12 Vdc Relay or Equivalent 


Circuit Notes 







This inexpensive, easy to construct amplifier uses two MRF454 devices. Specified 
at 80 W power output with 5 W of input drive, 30 MHz, and 12.5 Vdc. 



555 



The Real Muslims Portal 



RMPInternational.TK 



160 W (PEP) BROADBAND LINEAR AMPLIFIER 




Cl ■ 0.033 tiF mylar 
C2, C3 - 001 n? mylar 
C4 — 620 pF dipped mica 
CS, C7, C16 - 0.1 lif ceramic 
CfS - 100(iF/15 V electrolytic 
C8 500jiF/6 V electrolytic 
C9, CtO, C15, C22 1OO0 pF feed through 
C11, 012 - 0.01 uF 
C13, C14 -O.015 fjF mylar 
C17 - 10//F/35 V electrolytic 

CIS, C19. C21 -■ Two O 058 /iF mylars in parallel 
C20 - 0.1 UF disc ceramic 
C23 ■ 0.1 MF disc ceramic 
Ftl -220 Si, 1/4 W carbon 
R2 - 47 Tl, 1/2 W carbon 
R3 - 820 11, 1 W wire W 
R4 - 35 12, 5 W wire W 

R5, R6 - Two 150 £1, 1/2* carbon in parallel 
1=17, R8 - 10 a, 1/2-W carbon 
R9, R 1 1 - 1 k, 1/2 W carbon 
R10 - 1 k, 1/2 W potentiometer 

R12 - 0.85 11 (6 5.1 i'L or 4 3,3 Si 1/4 W resistors in parallel, 
divided equally between both emitter leads) 



■Tl - 4: 1 Transformer, 6 turns, 2 twisted pairs of #26- AWG 

enameled wire (8 twists per inch) 
T2 1:1 Balun, 6 turns, 2 twisted pairs of #24 AlrVG 

-enameled wire (6 twists per inch) 
T3 - Collector choke, 4 turns, 2 twisted pairsof #22 AWG 

enameled wire {6 twists per inch) 

Td —1:4 Transformer Balun, A&B — 5 turns, 2 twisted pairs 

of #24. C - 8 turns, 1 twisted pair of #24 AWG enameled 
wire (All windings 6 twists per inch). (T4 — I ndiana 
General F624-19Q1, - All olhersare Indiana General 
F627-8G1 territe roroids or equiualent.) 



PARTS LIST 

LI - ,33 M H . molded choke 

L2. LS. L7 - 10 UH, molded choke 

L3 - 1.8 MH (Ohmita 2 144) 

t_4. j_5 — 3 ferrite beads each 

L8, L 9 - .22 JIH, molded choke 



Q1 - 2N6370 
Q2, Q3 - 2N594-2 
Q4 - 2N5190 

Dl - 1N4001 
D2 - 1N4997 

J1. J2 - BNC connectors 



Fig. 73-3 
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80 W (PEP) BROADBAND/LINEAR AMPLIFIER 




1 1— vw — I n L9 ire 

3 VI 

— * ^ 1 T — I " 

14 ^cis R1 ° cieJ; Acta j 

-1 — — -D + 



CI, C14, C18 — 0.1 »tF ceramic. 
C2, C7, C13, C20 - 0.001 ftp feed through. 
C3 - 100^F/3V. 
C4, C6 — 0.033 UF mylar 
CB - 0.0047 HP mylar. 

CB, C9 — 0.015 and 0.033 fiF mylars in paralle 
CIO — 470 pF mica. 
C11, C12 -560 pF mica. 
.C15 - 1000 (JF/3 V 
C16.C17 -0.015 )if- mylar 
C19 - 10pF 15 V 

C21 . C22 — two 0.066 nP mylars in parallel. 
C23 — 330 pF mica 
C24 - 39 pF mica 
C25 — 680 pF mica 
C26 - .01 M F ceramic 

R1, R6, B7 — 10 SI, 1/2 VU carbon. 

R2 ^51 II, 1/2 W carbon 

R3 - 240 il, 1 wire W 

R4, R5 - 18 n, 1 W carbon 

FtS, FI9 - 27 !!, 2 W carbon 

R10 - 33 n, 6 W wire W 



L1 — 0.22 iih molded choke 

L2, L7, L8 — 10 (Jh molded ChoKe 

L5. L6 - 0.15 )th 

L3 — 25 t, -#26 wire, wound on a 1 00 fi, 2 W resistor . (1.0 ytfh) 

L4, L9 — 3 ferrite beads each. 

T1 — 2 twisted pairsof #26 wire, 8 twists per inch. A = 4 turns, 

B - 8 turns. Core- -Stack pole 57 -9322-11 , Indiana Genera! 

F627-8Q1 or equivalent 
T2 — 2 twisted pairs of #24 wire, 8 twists per inch, 6 turns. 

(Core as above. ) 
T3 — 2 twisted pairs of #20 wire, 6 twists per inch, 4 turns. 

(Core as above. } 
T-4 — A and B = 2 twisted pairs of #24 wire, 8 twists per inch. 

5 turns each. C = 1 twisted pair.of #24 wire, 8 turns. 

Gore - -Stack pole 57-9074 11, Indiana General F624-19Q1 

or equivalent. 

Q1 - 2N6367 
02, Q3 - 2N6368 



D1 - 1N4001 
D2 - 1N4997 



J1 , J2 — BNC connectors 



Fig. 73-4 
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SINGLE-DEVICE, 80 W, 50 Ohm VHF AMPLIFIER 



T ci 



i i r~± 



C2 



C3 



MRF245 



C4 C5 



1 1- °; 



C6 



C7 



* 4 * i 1 1 * • 1 *■ 



C8 



C9 



1 3.5 Vdc 




RFOut 



CIO 



Fig. 73-5 



CI, 11 - 500 pF Dipped mica 

_C2, 9- 10 pF UNELCO 

C3 - 60 pF UNELCO 

C4, 5-250 pF UNELCO 

C6, 7 - 250 pF UNELCO 

C8 - 80 pF UNELCO 

C10-40pF UNELCO 

C12 - 0.1 jjF Erie Redcap 

C13- 1 it? Tantalum 

C14-680pF Allen Bradley Feed-Thru 

RFC 1 -0.15jiH Molded choke 

RFC 2 - 10 T NO. 18 AWG Enameled Wire, 1/4" I.D. 

B - Ferroxcube Bead 56-590-65, 3fleads 



LI - 1.2 X 0.3 cm Airline Inductor 

L2 - 3.5 X 0.3 cm Airline Inductor 

L3 - 4.0 X 0.3 cm Airline Inductor 

L4, L5 - 0,3 X 0.3 cm Airline Inductor 

L6 - 2.7 X 0.3 cm Airline Inductor 

L7 - 0.8 X 0.3 cm Airline Inductor 

L8 - 3.0 X 0.3 cm Airline Inductor 

"Board: GtO, <r r « 5, t = 0.16 cm, 57 gm, Copper-Clad 
connectors = BNC 



Circuit Notes 



The amplifier uses a single MRF245 and provides 80 W with 9.4 dB gain across the 
143 to 156 MHz band. 
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600 W RF POWER AMPLIFIER 




R1-R5-10 klltiimpo! 

R6-1.0 kn/l.OW 

R7-10 n 

R8-2.0 k(l 

R9.R21-R24-10 kn 

R10— 8.2 Ml 

R11-R14— 100 il 

R15-R18-1.0n 

R19-R20-10 iJ/2.0 W Carbon 

fl25-thefmistor, 10 k« (25°C), 2.5 kSi (75°C) 

CI— not used 

C2— 820 pF ceramic chip 

C3-C6. C13.C14— 0.1 nF ceramic 

C7-C10— 0.1 /jF ceramic chip 

CH —1200 pF each. 680 pF mica In paraltel with 

an Arcc-469 variable or Hi ree or more smaller value 

mica capacitors in parallel 



C 12— not used 

C15-W nF, 100 V electrolytic 

C16— lOOOpF ceramic 

C17,Cl8-t*o 0.1 ^F, 100 V ceramic each, 

(ATC 200/823 or equivalent) 
D1-D4-IN414S 

OS— 28 V zener. IN5362 or equivalent 
L1 ,L2— Two Fair-Rrie 2673021801 rerrite' beads 

each or equivalent 4.0 ^H 
T1-T3— see text 
Q1-Q4-MRF150 
IC1-MC1723CP 

All resistors are 0.5W carbon or metal film 

unless otherwise designated. 



Fig. 73-6 



Circuit Notes 



A unique push-pull parallel circuit. It uses 
four MRF150 RF power FETs paralleled at 
relatively high power levels. Supply voltages 
of 40 to 50 Vdc can be used, depending on 



: linearity requirements. The bias for each de- 
vice is independently adjustable; therefore, no 
matching is required for the gate threshold 
voltages. 
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WIDEBAND UHF AMPLIFIER WITH HIGH-PERFORMANCE FETs 




Circuit Notes 

The amplifier circuit is designed for 225 
MHz center frequency, 1 dB bandwidth of 50 
MHz, low input VSWR in a 75-ohm system, and 
24 dB gain. Three stages of U310 FETs are 
used in a straight forward design. 

Fig. 73-7 



10 MHz COAXIAL LINE DRIVER 



t;: 



■iv _L 

aopf 



(2D Si 




son 



Circuit Notes 

The circuit will find excellent usage in 
high frequency line driving systems that re- 
quire wide-power bandwidths at high output 
current levels. (IC=HA2530) The bandwidth of 
the circuit is limited only by the single pole 
response of the feedback components; namely 
f(-3 dB) = V2 v RfCf. As such, the response is 
flat with no peaking and yields minimum distor- 
tion. 



Fig. 73-8 



VHF PREAMPLIFIER 



2 turns 
(p,vc. flex] 




1* 6V 5k6 9V 



•o Output 



Circuit Notes 

This simple circuit gives 15 dB gain and 
can be mounted on 1 in 2 PCB. Coil data is given 
for 85 to 95 MHz. For other frequencies modify 
coil as required. 



To coaxial outer (it used) 



Fig. 73-9 
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SHORTWAVE FET BOOSTER 




TO RECEIVER 



PARTS LIST FOR 
SWL'S FET BOOSTER 

C1-365-pF tuning capacitor 
C2, C3-0.05-uF, 25-VDC capacitor 
C4-470-pF, 25-VDC capacitor 
D1-1N914 diode 
L1 -Antenna coil: 1.7-5.5 KHz use 
Miller B-5495A, 5.5-15 MHz use 



Miller C-5495A, 12-36 MHz use 

Miller D-5495-A 
Q1_RCA 40468 FET transistor {Do 

not substitute) 
Q2-2N3394 npn transistor 
R1-470-ohm, Vj-watt resistor 
R2-2400-ohm, Vi-watt resistor 
R3-4700-ohm, Vi-watt resistor 



Circuit Notes 



Fig. 73-10 



This two transistor preselector provides up to 40 dB gain from 3.5 to 30 MHz. Ql 
(MOSFET) is sensitive to static charges and must be handled with care. 



LOW-NOISE 30 MHz PREAMPLIFIER 



aooip^ 




Fig. 73-11 

Circuit Notes 

Low-noise preamplifier has a noise figure of 1 .1 dB at 30 MHz and 3 dB bandwidth of 
10 MHz, Gain is 19 dB. Total current drain with a +10 volt supply is 13 mA._All resistors 
are V* watt carbon; bypass capacitors are 50-volt ceramics. 
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LOW-NOISE BROADBAND AMPLIFIER 




Fig. 73-12 



Circuit Notes 

The amplifier provides 10 dB of gain from 
10-600 MHz and has a 1.5-to-l match at 50 
ohms. The BFR91 has a 1.5 dB noise figures at 
500 MHz. The circuit requires 13.5 Vdc at 
about 13 mA. Keep the leads on the 150 pF 
emitter bypass capacitor as short as possible. 
The 16 nH coil is 2.5 turns of #26 enamel wire 
on the shank of a #40 drill. The 93 nH inductor 
is 10 turns of the same material. 



TWO-METER 10 WATT POWER AMPLIFIER 



T ' r-^ 




.01 y*-p,0J ^pv'O )tF 



n 



Fig. 73-13 



Circuit Notes 

This 10-watt, 144-MHz power amplifier a 4:1 transmission-line transformer made from 
uses a TRW PT5757 transistor. LI is 4 turns of a 3" length of twisted pair of no. 20 enameled 
no. 20 enameled, 3/32" ID; L2 is 10 turns of wire, 
no. 20 enameled, 3/32" ID. Transformer Tl is 
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TWO-STAGE 60 MHz IF AMPLIFIER 
(POWER GAIN » 80 dB, BW * 1.5 MHz) 



v l (AGO 

• 



Input 

(SOW 24 pF 



t*i 



IH»of ^t 




200 uM) 



0.002,<F;fc ~; pf 



7\£r Y\c 



-IOpF) 



a 



Output 

mm 



RFC JlOnH 



Tl ; Piimiry Winamp ■ 15 Turn, «2 AWG Wrra, 1/4" 10 Ail Core T2: Primur Windmi - 1 Tun*, #22 AWG nil, 1/4" 10 All Cure 

Sfcnntary Winiunf ■ 4 Tumi, m AWG Win. Sirarniwy Windin* - 2 T»im, f 22 AWG Wirt, 

CotMiciifit of Coupling "-1.0 CotftitritAl otCoupriAp w 1.0 



Fig. 73-14 



28 V WIDEBAND AMPLIFIER (3 to 100 MHz) 



0.150' 

L. 



rsn 



^a 



0.001 ^F, 

o.5»" pzzzi x 



0.1 (iF 



VGS 
q V M - 2» V 

IDQ-126A 



-— |» 0.600" -| 



o 



0.001 uf 



BALUN CORE 




" F l> •> 



Mil «si n 

■£ CARBON COM* 

$1/2 W RESISTORS 
(12.SU TOTAL* 



- FERROXCUBE 
i VK200/09/3B 

0.01 (iF 



(YYYvJ l^l"' 1 



0.1>iF^ 



Fig. 73-15 



Parts List 

Ti, 20 turns 30 fi, #30 bifilar on micromstals T-50-6 Toroid 
T2, 1 turn of 2-50 SI coax cables in parallel through 2 balun 
cores stackpole #57-9130 (U> - 125 
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200 MHz CASCODE AMPLIFIER 



-WSCO KW-»- 

O.M2„f"~ ^~l 






~V 



»-«,( 



-W-® 



<©^f*H 



X 



2IU411 



AGC rang* 59 dB 
pouvar gain 17 dB 



Circuit Notes 

This 200 MHz JFET cascade circuit fea- 
tures low cross -modulation, large signal hand- 
ling ability, no neutralization, and AGC con- 
trolled by biasing the upper cascode JFET. The 
only special requirement of this circuit is that 
bss of. the upper unit must be greater than that 
of the lower unit. 



Ll = 0.07 j*Hy center tip 

L2 = 0.07 jiHy lap 1/4 up from ground 



Fig. 73-16 



135-175 MHz AMPLIFIER 



- UJOO" - ■-OM0' 

BALJM CORE 

V*~ FLAT LEAD: 



100 K!J^ 

c * „ Vne- 12.3 V 

C 3'H 1 Y p OUT*5" 

OOfll^F,. _L 



jr\ 



3 TURNS =2D AWC4 ,M * 2 
ON1>4"DJA 

n c ^ BuswrnE it—- 

(° ur * ? "•" — MS 



Cn/1206 



_L 3 
-STuflNS-ZOAWG 

1000 pF 



nmn_l 





! 


















































J 




™" 


" 










1 














1 1 










'O 


Q = 


.5 A 










'■c 


W 

*UT RT LOSS 










IN 










3a 


BS^SSMH* 























Parts List 



FREQUENCY fMHjJ 



Ci , C2 ARCO *A62, 2 to 80 pF, trimmer capacitors 
Li , 3 turns buss wire *2Q AWG on 1/4 " diameter 
L2, 8 turns *20 AWG on 1/4" diameter 
Ti , 1 turn of 25 O coax on 2 balun cores. 
Stackpole *57-0973 po =35. 



Fig. 73-17 
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200 MHz CASCODE AMPLIFIER 




Circuit Notes 

This 200 MHz JFET cascode circuit fea- 
tures low cross-modulation, large signal hand- 
ling ability, no neutralization, and AGC con- 
trolled by biasing the upper cascode JFET. The 
only special requirement of this circuit is that 
loss of the upper unit must be greater than that 
of the lower unit. 

Fig. 73-18 



100 MHz AND 400 MHz NEUTRALIZED COMMON SOURCE AMPLIFIER 



— H — lh 



INPUT TO 
50l> SOURCE • 



ADJUST V GS FOfl 
Id" 5mA 
Vai <W 




TOWi; LOAD 



REFERENCE ' 
DESIGNATION ! 

c, 


VALUE 


lOOMNi 


40OMHI 


J.OpF 
ITOOpF 


vapF 


27pF 


j.OpF 

UMfeF 


l.OpF 
0.«-8pF 


1.0-12pF 


O.a-BpF 


<* 


DODIB^F 


O.WVF 


c, 


0.001SfiF 


mooivF 


Ll 


3-HiH 


DAM 


Ll 


O.ZBuH 


00%jH 


L, I 


0.14lH 


o.OHuH 


( Typ NF 
Typ G„ 


t.2dB 


J.4SB 


Zlds 


1MB 



Fig. 73-19 



ULTRA HIGH FREQUENCY AMPLIFIER 



OPTIONAL 
OfFSET 



r 




Rj ^ 

-w» — 



r I TERM 



Fig. 73-20 



*1 = 731/3% CARBON 
Afe » TStf 3N CAMOH 
*3 * FSif 5S CARBO* 
1*4 - 3K ««. CAJWOW 



HS ~ 2QK TMHPOT (CERMET) 
ftr = 1.3K(2MlflJUH) 

Ha = *?$•? s% carbon 



We ST # M tUHWRE ON 
- Ft WOXCUM VK 200 «■'» CORE 
6TPAU CAPACITORS 



4UCPCO OR EOUIV.I 
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UHF AMPLIFIER WITH INVERTING GAIN OF 2 AND LAG-LEAD COM- 
PENSATION (GAIN BANDWIDTH PRODUCT 350 MHz) 




NOTE 

RMlslon — i/4*ati carbon. 

RFC-3T #28 feus wirt on Ferroxcub* VK200 0M3B 

wideband threaded cor*, 



Fig. 73-21 



TRANSISTORIZED Q-MULTIPLIER 
FOR USE WITH IFS IN THE 1400 kHz RANGE 






I5IK 



X HH 



2,1*= 



£™ 



»K 




Fig. 73-22 
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60 MHz AMPLIFIER 

I @ v * 

rr 1 ° T 




Ll ?r»fn^ ■ Z£AWGWin 

or S.'IE" E>n. Farm 

Sit" Long 
n ClBttWquMt 0«*> Iff Fpni 

hint*? Winding » 16 Twnt * 7BAWG r Cinrtf Tspirt 

StcOmJuyttrndinj-iruiii. « K^Wfi 



Fig. 73-23 



30 MHz AMPLIFIER {POWER GAIN = 50 dB, BW ~ 1.0 MHz) 




5.Sl 
O.M2c 
v l (AGO < 

Ll - II Twx R2 AW Wn •• >TitM Can. 
in?4«kn>MNorEtai»> 
Tt: PrimfyllTamflOAWSWinMiTonHCM. 
IT44-6 Wen mM orl»«rl 
Stundtfy > 2 Trim #20 AWG Mn 



Fig. 73-24 



TWO METER AMPLIFIER, 5 W OUTPUT 



5f*40pF 



iDO ^ OS A 




1 



Jj^ ""j f ' -g -QuT 



, S f ^ 



jjmo moo, io,f 



Parts List 

Li , 60 ftHy 4T *22 AWG close wound 0.125" I.D. 
12, 54 nHy 3 1f2T *22 AWG close wound 0.125' ID. 
Ci, C2. C3. ARCO *462 5-80 pF 



Fig. 73-25 



80 MHz CASCODE AMPLIFIER 



3MpF 

'iMff- 



U1994E I 



■ — -i 0.001 




Fig. 73-26 
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200 MHz NEUTRALIZED COMMON SOURCE AMPLIFIER 



2N3823. 2N4273. ZNSOTS 




L t ll/2turiH. »20 1inn*d vrirf, 1/4 ID. Lanfth-3rc" 
L 2 3-1/2 lurni. .IB linn*d win. 3/S" ID, Ltnglh - 1/2" 
TiMMd it 1 ■ 1/4 turni ffom dr*n 



ISOli 



Nf Typl.MB 

Sp, f y» 1MB 

Vpj - +1SV 



Fig. 73-27 



450 MHz COMMON-SOURCE AMPLIFIER 



f^\± 




" isfet. 
r-il 1 — u — © 



— o- o — *— o— o— • )|t- 






C1-4-CB - Upf Johawon ivp» IWO 
C s -4Bpf GMScilvKfliic. 
C§_*- lOOOpF All*n-fir>dli¥ typ* FAfiC 
L,- 1.4' long; >22tnam*1 ipKtd 0.1" Uam U a 
Lj- 1.1")oog- *1*K)lidcopp*r 
L 3 - 13"teoj: alStolid Mpptr 
L 4 — 1 4"lof*g; »fi immrt ipw t d 9.2"ffom L* 
RFC, 2 -d.15),HO«itv)nryp«1U7.00 
L H - ST, *22 Hitimvi; P 25" tfim. cvvntc form; 
•lumirtum slufl. low Ion 



NF Typ I.MB 

Gp.Typ.18dB 
V[jc***0V 
! D » tOfnA 



Fig. 73-28 
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74 
RF Oscillators 



1 he sources of the following circuits are contained in the Sources section beginning on page 730. The 
figure number contained in the box of each circuit correlates to the source entry in the Sources section. 

500 MHz Oscillator 1.0 MHz Oscillator 

Low Distortion Oscillator Hartley Oscillator 

400 MHz Oscillator Colpitts Oscillator 

2 MHz Oscillator RF Oscillator 
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500 MHz OSCILLATOR 



r— Hh ffo ffl 

(PtOTEJt If J S|1 f j j II 

, — jj. — HI < * *^"® 



10M»F 

Hh 



6 



tot mm OUTPUT 
INTO let! 



Not* 1: 2 turns No. 16 AWG wire, 3/6 Inch OD, 1 1/4 inch long. 
Hot* 2: 9 lums No. 22 AWO wire, 3/18 Ineh OD, 1/2 inch lonfl. 



UM«F 



h 



Fig. 74-1 



LOW DISTORTION OSCILLATOR 




m < I— J 

? I 2NS4I5 

-i I — r * >l r 



Ml 

i i-^wv-o^iki 



20 MHz oscillator value! 

C1*700pF Ll-UjuH 

C2 - 75 pF L2 - 10T 3/8" die 3/4" lono 

V DD -16V l D -1mA 

20 MHz oscillator performance 

Low distortion 20 MHz osc 
_ 2nd harmonic — 60 dS 

tip'F 3rd harmonic > —70 dB 

Fig. 74-2 

Circuit Notes 

The 2N5485 JFET is capable of oscillating in a circuit where harmonic distortion is 
very low. The JFET local oscillator is excellent when a low harmonic content is required 
for a good mixer circuit. 
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400 MHz OSCILLATOR 



2 W OUTPUT 
70% EFFICIENCY 




Parts List 

L^— 6lurns*22closewoundon 1/4" diameter 
L2— 1/2 inch *16 wire 
L3— 1 Inch *16 wire 



Fig. 74-3 



1.0 MHz OSCILLATOR 



'^7 



- l.tjiF C2 
MlfF 




fU> M* 



i; : 



H 
IH»F 



I 



■JVW 

o 

IWpC 



1* ^ 

-f-^W f f ■[ 

XTTTLV 



•I 
unti 



Fig. 74-5 



2 MHz OSCILLATOR 

+6.2V 



HARTLEY OSCILLATOR 



10k < 60-120/iH 



2N2222 




2MHz 




OUTPUT 



Fig. 74-4 

Circuit Notes 

Miller 9055 miniature slugtuned coil; all 
resistors 1/4W 5%; all caps min. 25 V ceramic. 



Fig. 74-6 



Circuit Notes 



Resonant frequency is V2 it V LlCl. 
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COLPITTS OSCILLATOR 




Circuit Notes 

When calculating its resonant frequency, 
use C1C2/C1+C2 for the total capacitance of 
theL-C circuit. 



Fig. 74-7 



RF OSCILLATOR 



l0-IO0>i^F 
")l 




SK3007 
"(TYPICAL) 
PNP TRANSISTOR 



Circuit Notes 

This rf oscillator is useful up to 30 MHz. 
An SK 3007 PNP transistor is recommended. 



470-t000fl 



M0-I2K 



.01 • 



'up to 

30MHz 



Fig. 74-8 



I J~"^ 



L-C CIRCUIT 



3V 
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75 
Remote Control Circuits 



1 he sources of the following circuits are contained in the Sources section beginning on page 730, The 
figure number contained in the box of each circuit correlates to the source entry in the Sources section. 

Radio Control Receiver/Decoder Tone-Actuated Relay 

Carrier Operated Relay Radio Control Motor Speed Controller 

Remote Control Servo System Remote On-Off Switch 

Automatic Turn Off for TV Set 
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RADIO CONTROL RECEIVER/DECODER 



R1 
TO MOTORS n . ^._.. 

and loads <>--r-w\r-r 



Vi K (39.5") 




C10 
0.01 



J. 100 vlF 



LO XTAL GND V. 



* IS lz_ 




BIAS MIX IN V+ CH A 

(COLLECTOR) 
LM1872 



IF IN 



MIX OUT 



Fig. 75-1 



CHB 
(COLLECTOR) 
CHA 
(EMITTER) CH B 



AGC IF OUT GND SYNC CH 2 CH 1 (EMITTER) 

^ " " 




12 



IT 



' — wv 

C7 r== R3 
0.01 -L 200 



R2 (ANALOG OUTPUTS) 
100k 



X 0.01^F 



R1 ■ 

R2- 

R3- 
C1 ■ 
C2- 
C3- 
C4- 
C5- 

C6- 

C7- 
C8- 
C9- 
C10 
C12 
L1 - 



Motor decoupling 

Sync timer; R2 = L^NC 
0.7 C6 



R2 =s 470k 



Mixer decoupling 

LO bypass; optional 

LO tank; C2 = 22 pF -® 72 MHz 

Ant. input tank; C3 = 24 pF 8 72 MHz 

v bias bypass 

Motor decoupling 

Sync timer; C6 = D ° T ™ , C6 + 0.5 nF 

Mixer decouple; 0.01 fiF a, C7 =s 1 ^.F 

AGC 

IF bypass; optional 

- V+ bypass; 0.01 (*F * C10 « 0.1 ^F 

- Ant. input tank; C12 = 160 pF@ 72 MHz 
LOcoil 

Toko* 10k type (KENC) 4T; 0.2 M H @ 72 MHz 



L1 could be made a fixed coif, if desired. 
T1 - 455 kHz mixer transformer 

Toko" 10 EZC type (RMC-502182), Qu = 110 

Pin 1-2, 82T; pin 2-3; 82T 

Pin 1-3, 164T; pin 4-6, 30T 
T2 - 455 kHz IF transformer 

Toko* 10 EZC type (RMC-502503), Qu = 1 10 

Pin 1-2, 82T; pin 2-3, 8T 
T3 - Ant. input transformer 

Toko 10k type (KENC), 4T sec. & 2T pri. of 0.2 

72 MHz 
X1 - 5th overtone crystal, parallel-mode, 72 MHz 
D1 - Electrostatic discharge (ESD) protection 
* Toko America, Inc. 
5520 West Touhy Ave. 
Skokie, III. 60077 
(312)677-3640 Tlx: 72-4372 
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CARRIER OPERATED RELAY 



Out >— 



C1 



In >- 




Q1 



C2: 



^ 



•< To Output of Board 



-< To Input of Board 



C1 - 3.0 pF Dip Mica 
C2 - 0.001 pF DlK 
R1 - 1.0 kfi 
R2 -470 kn 
Dl - 1N4001 
Q1 _ 2N4401 

K1 - NF2-12 V (ArrowM) 
or Equivalent 



-Q13.6 Vde 



Fig. 75-2 



Fig. 75-3 



f-T 



REMOTE CONTROL SERVO SYSTEM 



Nt565 

HMER 




JLJL 

— ii— u- 



— T 

-l I 
i"-" 



SERVOORIVER 



T 



11 5 
SERVOMOTOR 



rfo*. i 



—ii — U 



I 



o~" 



W ^ ' 

S6..I 5k V X ■ 



I 



CEAft 
TRAIN 



I 

■ ANTENNA ROTOR ETC] TOCONTSOL 
SURFACE 
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TONE-ACTUATED RELAY 




4.7Ki2 



_aaaJ B 

4.7KSI y^*V 

-1 fO- 



Relay up to ■ 
50ma. : 



1N4001 



PNP 
3N3906 



- f +5 to +9». < 



Circuit Notes 

The circuit is built around the LM567 tone 
decoder IC that requires about 100 millivolts at 
its operating frequency. The frequency is set 
by a 10 K variable resistor and can be between 
700 and 1500 Hz. When a tone at the set fre- 
quency is present, the 567's output goes low to 
energize a relay through a 2N3906 PNP trans- 
istor. 



Fig. 75-4 



m 



RADIO CONTROL MOTOR SPEED CONTROLLER 



_ FULIt 




Fig. 75-5 
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REMOTE ON-OFF SWITCH 



LOAD RECEPTACLE 
SOOWATTSMAX ^ 

:^)=j€Hr % 

117 VAC 




SC4IB 

TRIAC 



REMOTE 

SWITCH LOW- VOLTAGE "BELL" WIRE 



Fig. 75-6 



Circuit Notes 

This circuit provides power control with- 
out running line-voltage switch leads. The 
primary of a 6- volt filament transformer is con- 
nected between the gate and one of the main 
terminals of a triac. The secondary is con- 
nected to the remote switch through ordinary 
low-voltage line. With switch open, trans- 
former blocks gate current, prevents the triac 
from firing and applying power to the equip- 
ment. Closingthe switch short-circuits the 
secondary, causing the transformer to saturate 
and trigger the triac. 



AUTOMATIC TURN OFF FOR TV SET 



AGC 
VOLTAGE 



REFERENCE 
VOLTAGE 



PUSH 
BUTTON 



S 




■um 



J 



a 4 



« 656 3 
2 



\ 



;v 



ON/OFF 



Hi 



10(ifd 



POWER TO 
TV SET 



SET TURNS OFF SHORTLY AFTER TV 
STATION STOPS BROADCASTING 



Fig. 75-7 
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76 



Safety and Security Circuits 



Ihe sources of the following circuits are contained in the Sources section beginning on page 730. The 
figure number contained in the box of each circuit correlates to the source entry in the Sources section. 

Tarry Light p ower Failure Alarm 

Ground Tester Ac Hot Wire Probe 

Ground-Fault Interrupter p ower Failure Detector 

Single Source Emergency Lighting System Power-Failure Alarm 

Electronic Combination Lock 
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TARRY LIGHT 



AC LOAD ST\ 

REOEPTACU \zJ 




BUILT-IN 
] NEON LAMP 
' AND RESISTOR 



Fig. 76-1 



Circuit Notes 



The push button and potentiometer 
initiate a time delay that turns a light on then 
automatically turns it off again after a pre- 
determined time. The potentiometer can be set 
for a delay of a few seconds to just under three 
minutes. When the push-button switch SW2 is 
pressed, capacitor CI gets charged through D5 
to the full dc voltage developed by the diode 
bridge. When the button is released, the 
charged capacitor is connected across the 
series combination of R2, R3, and potentiome- 
ter R4 whose setting determines the total-re- 
sistance and thereby sets the time it takes for 



the capacitor to discharge. A steering diode, 
D6, connected to the junction of R2 andR3, and 
potentiometer R4 whose setting determines 
The total resistance and thereby sets the time it 
takes for the capacitor to discharge. Diode, D6 
picks off a portion of this decaying dc voltage 
and applies it to the gates terminal of Ql, the 
SCR, triggering it into a conductive state. This 
SCR will remain on as long as there is sufficient 
voltage on its gate. As soon as this voltage 
decays below the minimum holding voltage of 
the SCR, it will turn off on the next line alterna- 
tion. 
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GROUND TESTER 



CB1 




Parts list 

.S2-DPDT Switch 

CB1 — 10A fuse or circuit breaker 

S01— Radio Shack 61-2760, 3 terminal socket 

R1, R2, R3-47kfl, W>W 

NE1, NE2, NE3-GE NE-2 

S1-SPDT, Lafayette 34P0238V 



WHT 



Fig. 76-2 



Circuit Notes 

This xircuit checks the reliability of 
appliances so that the equipment may be used 
safely. The test circuit must be plugged into a 
properly wired three terminal wall outlet. 
When a two-lead or three-lead appliance is 



plugged into circuit outlet SOI, neon lamps 
NE1 and NE2 will light if the appliance is safe. 
If neon NE2 is lit the appliance is dangerous, 
because the neutral lead is 110 Vac above 
ground. 



GROUND-FAULT INTERRUPTER 
<120 Hz NEUTRAL TRANSFORMER APPROACH) 



GND/NEUIRAI 

con 



SENSE 
COIL 



H0TO- 



muTAJio ' ► 



I MOV I 




wf 



ZMI 







HIGH* 

can 



■c, 

■MIS l 



TIMING 
CAP 

SCH 
TMOUEft 

LMtlEI 

wmr 

OUTPUT 



*CC 



•IN 



"SETl—1 

GND 



tt 



' I D.H31 



-16j.f 
-TANT 



"SfT* 



1 It 



TAUT 



* Adjust Rset for das^rvd sensitivity 



Fig. 76-3 
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SINGLE SOURCE EMERGENCY LIGHTING SYSTEM 



AC 

INPUT 
50-60 
HERTZ 



Fig. 76-4 




R 



^SELECT TO GIVE DESIRED CHARGE 
RATE (VALUE AND WATTAGE) 



r€> 

6V 

LAMP 




SCR| 
CI06VI 



-VSTv 1 

IK 



+ 

— 6 VOLT 
■=- BATTERY 



Circuit Notes 

This emergency lighting system maintains a 6 volt battery at full charge and 
switches automatically from the ac supply to the battery. 



POWER FAILURE ALARM 



SILICON 
BRIDGE 
SOV 
PRV 




9V POWER SUPPLY 



COMMON GROUND 
OF RADIO ONLY 



Circuit Notes 

If the power fails, the radio alarm goes on. 
No loud siren, bell, or whistle. Even if the 
power is restored, the alarm stays on until 
RESET button is pushed. 



Fig. 76-5 



AC HOT WIRE PROBE 



24M 24M 
<-^/VV — WV 

PROBE 
TIP 




Circuit Notes 

Insert the probe tip into either terminal of 
an ac outlet and hold the probe body against 
anything that the circuit ground is connected 
to. The LED will glow when the hot terminal 
is touched. Two 2.4 M resistors are used in the 
probe tip for safety (redundancy) reasons. 

Fig. 76-6 
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POWER FAILURE DETECTOR 



io«n <** 







Fig. 76-7 



Circuit Notes 

This circuit indicates that a power outage occured for 1, 10, 100, and 500 seconds 
with the values given for R* and C*. After a power failure, the circuit can be reset by 
pushing the Reset button. 



POWER FAILURE ALARM 



20OPIV 



I I T V 



io,ooon 

1/2 W 

— VWV — 



11 3i " F 

* IS0V 



3000- 5000 ft 
RELAY 



BU2ZER 

OR 

50NALERT 



■°1 



AS REQUIRED 
8Y BUZZER 



Circuit Notes 

While the power is on, the relay is held 
open, but when the power fails the buzzer- 
circuit contacts close. 



Fig. 76-8 
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ELECTRONIC COMBINATION LOCK 



+o wv- 

100K 



Disable switches 
"o f 




100K 



100K 



100K 



Alt diodes = 1N41 48 



100K 






200Ki 



D10 



D9 6 
S5/ 



+ o- *'■■ Relay 



r: 



Fig. 76-9 




NPN 



10K 



Circuit Notes 

Switches SI through S5 must be operated in rapid sequence to operate the lock. 
They can be any numbers on a 10-button switch pad. If an incorrect button is pushed, 
alarm sounds and the circuit is disabled for two minutes. 
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77 



Sample and Hold Circuits 



ihe sources of the following circuits are contained in the Sources section beginning on page 730. The 
figure number contained in the box of each circuit correlates to the source entry in the Sources section. 



Peak Detect and Hold 

Low Drift Sample and Hold 

JFET Sample and Hold 

High Speed Sample and Hold Amplifier 

High Speed Sample and Hold 

High Speed Sample and Hold 



Sample and Hold with Offset Adjustment 

Differential Hold 

x 1000 Sample and Hold 

Sample and Hold 

High Accuracy Sample and Hold 

High Speed Sample and Hold 
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PEAK DETECT AND HOLD 



PEAK DETECT 
AND HOLD 



HIGH IMPEDANCE 
BUFFER 



INPUT 



TO NEXT STAGE 




OUTPUT VOLTAGE (NEGLECTING 

DC SHIFT INTRODUCED BY 01 AND IC2) 



INPUT VOLTAGE 



Fig. 77-1 



Circuit Notes 

If the voltage at the input exceeds the 
voltage on the capacitor, then the output of the 
741 goes positive, the diode conducts, and the 
capacitor is charged up to the input voltage- 
forward voltage drop of diode. When the 
voltage at the input is less than that on the 
capacitor, the output of the 741 goes negative, 



and the diode cuts off. To prevent the capacitor 
from discharging through the input resistance 
of the next stage, a high input impedance buffer 
stage (IC2) is used. The circuit can be reset by 
means of a FET or similar high impedance 
device connected across the capacitor. 
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LOW DRIFT SAMPLE AND HOLD 



OUTPUT O 



INPUT O 




Circuit Notes 

The JFETs, Ql and Q2, provide complete 
buffering to Cl, the sample and hold capacitor. 
During sample, Ql is turned on and provides a 
path, r<i3(oio, for charging Cl. During hold, Ql is 
turned off, thus leaving Ql Idmo {< 100 pA) and 
Q2 Igss (< 100 pA) as the only discharge paths. 
Q2 serves a buffering function so feedback to 
the LM101 and output current are supplied 
from its source. 



Polycarbonate dielectric capacitor 



Fig. 77-2 



JFET SAMPLE AND HOLD 



~LT 




Fig. 77-3 



Circuit Notes 

The logic voltage is applied simultane- 
ously to the sample and hold JFETs. By 
matching input impedance and feedback resis- 
tance and capacitance, errors due to r<fs(on) of the 
JFETs are minimized. 
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HIGH SPEED SAMPLE AND HOLD AMPLIFIER 



ANALOG 
INPUT (J- 



i.u^>>i- 



X 



ANALOG 
GROUND 



L00le o— l*"? 

> > r.ov 



02 

3N2MS 



01 

nam 



SAMPLE < OBV 



I 

T 



lWpF > 1B( 



DIGITAL -±r 
GROUND " 




T" 50pF -p MOpF 




« J—SSS — ♦ — » — * 1 

1 .AAA- -J J j 






« „ ANAS.OG 



SAMPLE +1SV 



~z/\^ 



ANALOG 
GROUND 



Fig. 77-4 



MfUT< 



HIGH SPEED SAMPLE AND HOLD 



M»F 




LOGIC 
CONTROL 




-O OUTPUT 



-A_™~LJ 



m 



*Um fftyttyriiM #ilirtrk f» flHiHiHHi drift 



Fig. 77-5 
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HIGH SPEED SAMPLE AND HOLD 



03 
2N2222 
100 1 51 5 

1000 pF 





4 — VOUT 



Fig. 77-6 



==o>* 



ftPHOOM 

1 F 



3.3k 

'•* ^V— +15 



-15 



Circuit Notes 



This circuit exhibits a 10 V acquisition 
time of 900 ns to 0.1% accuracy and a droop 
rate of only 100 /laV/itis at 25° C ambient condi- 
tion. An even faster acquisition time can be 
obtained using a smaller value hold-capacitor. 



By decreasing the value from 1000 pF to 220 
pF, the acquisition time improves to 500 ns for 
a 10 V step. However, the droop rate increases 
to 500 /iV/ms. 



in: 



SAMPLE AND HOLD WITH OFFSET ADJUSTMENT 

Fig. 77-7 

Circuit Notes 

The 2N4393 JFET was selected because 
of its low Igss (< 100 pA), very low Id<oh> (< 100 
pA) and low pinchoff voltage. Leakages of this 
level put the burden of circuit performance on 
clean, solder-resin free, low leakage circuit 
layout. 




-L. Polycarbonate dielectric 
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Vs-=- 

T 
I 



rt 



i 

t 



DIFFERENTIAL HOLD 




OUTPUT 



Vs WHEN IN 
HOLD MODE 
(Vs <■ Vcm) 
WHEN IN 
SAMPLE MODE 



100 k 



•— VA 1 




Fig. 77-8 



x 1000 SAMPLE AND HOLD 



-15 

1 M< ' f ' 



1N457 



1% 



15 V 
j R2 

R1 L 2 M 

100 k<^ ^^ 

OFFSET? 
ADJUST 

-15 V 



:ci' 




J~L _^. 




-VOUT 



VlN 



Notes 

For lower gains, the jjAIOS must be frequency compensated 

100 
Use =t ~X pF from comp 2 to ground 



Fig. 77-9 
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SAMPLE AND HOLD 




Fig. 77-10 



HIGH ACCURACY SAMPLE AND HOLD 




• By closing the loop through AZ the Vout accuracy will be determined uniquely by 
A1. No Vos adjust required tor A2 

• Ta can be estimated by same considerations as previously but. because ot the 
added on propagation delay m the feedback loop iA2> the overshoot is not 
negligible. 

• Overall system slower than tast sample and hold. 

• R1. C c : additional compensation 

• Use LF3S6 tor 

A Fast settling time 
A Low Vos 



Fig. 77- 11 



HIGH SPEED SAMPLE AND HOLD 




■CHARQE OF HJF-0* IS t«wA, THERE FORE THE SLEW 
RATE INTO A BOOpF HOLD CAPACITOR WILL BE 130VfcS£C. 
THUS THE SLEW MATE OF TH£ SAMPLE AND HOLD 
CIRCUIT a LIMITEp PV THE CAPACITOR CHARGING TIME. 



Fig. 77-12 
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78 



Schmitt Triggers 



1 he sources of the following circuits are contained in the Sources section beginning on page 730. The 
figure number contained in the box of each circuit correlates to the source entry in the Sources section. 



Schmitt Trigger Without Hysteresis 
Schmitt Trigger with Programmable 
Hysteresis 



Schmitt Trigger (Zero Crossing Detector with 

Hysteresis) 
Schmitt Trigger 
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SCHMITT TRIGGER WITHOUT HYSTERESIS 




Circuit Notes 

By replacing the common-emitter resistor 
in a conventional Schmitt by a zener diode, the 
hysteresis normally associated with these cir- 
cuits is eliminated. 



Fig. 78-1 



SCHMITT TRIGGER WITH PROGRAMMABLE HYSTERESIS 



*(V-) - (V+)MUST 

NOT BE GREATER +5V 

THAN ±5V 

VJN 

o- 



Z OUT = 4k7 

± HYSTERESIS LEVELS 

= 4K7 x Ia 




Fig. 78-2 



-15V 



Circuit Notes 

CA 3088 is used as a versatile Schmitt trigger. The size of the hysteresis levels is 
determined by Ia that flows out of the amplifier's output and through R2. Increasing Ia 
increases hysteresis and vice versa. The positive and negative hysteresis levels are 
symmetrical about V. 
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SCHMITT TRIGGER (ZERO CROSSING DETECTOR WITH HYSTERESIS) 



%• 




-0 V 0H a«.!V 



' B3 
■ I3K 




Input to Output Waveform 
Showing Hysteresis Trip Points 



Fig. 78-3 



Circuit Notes 



This circuit has a 100 mV hysteresis 
which can be used in applications where very 
fast transition times are required at the output 
even though the signal is very slow. The hys- 



teresis loop also reduces false triggering due to 
noise on the input. The waveforms show the 
trip points developed by the hysteresis loop. 




SCHMITT TRIGGER 



i 1 



Output 



Input 



3 f 



Upp«r Trlftg" ~ 

Point Control 

(Input Rmea 1/3 Vcc to ^CC 1 
Not*: Lowar Trigpar Poini it 
fix*d« 1/3 V CC . 



Fig. 78-4 



Circuit Notes 

The lower trigger point is fixed at V3 Vcc , but the upper trigger point is adjustable by 
means of Pin 5 from Vs Vcc to slightly less than Vcc . The Schmitt trigger will operate with 
input frequencies up to 50 kHz. 
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Smoke and Flame Detectors 

X he sources of the following circuits are contained in the Sources section beginning on page 730. The 
figure number contained in the box of each circuit correlates to the source entry in the Sources section. 

Photoelectric Smoke Detector (Non- Line-Operated Photo-Electric Smoke 

Latching) Alarm Using Light Sensitive Resistor 

1.9 V Battery Operated Ionization Type (Includes Detection of Open-Circuited 

Smoke Detector LED) 
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PHOTOELECTRIC SMOKE DETECTOR (NON-LATCHING) 



SMOKE CHAMBER 

NOTE 1 



100mF 



r 



-fSr- 



LOW 

BATTERY 

DISABLE 

ALARM 



I LED | 



|NOT^ 
II— 



0.05uF 



JT 



~ 2MI2 



22MP. 



SD2 



9V 



"1 



2N37M 

son ~ 



OPTIONAL 

— t>hL LED 



Fig. 79-1 



INDICATOR 



Q 



f-'VW-f 

30 K 



1 



PIEZOELECTRIC HORN 
CATT - 101 FB 



Notes: "1. I R Diode RCA Typ*SG 1010A or Spectronics Tvpa SE 5455-4 
Clairex Typ* CLED-1 
2. IR Photo dstectors Vactec VTS4085 



Circuit Notes 



The LED predriver output pulses an ex- 
ternal transistor which in turn, switches on the 
infrared light emitting diode at a very low duty 
cycle. The desired IR LED pulse period is 
determined by the value of the external timing 
resistor. The Smoke Sensitivity is adjustable 
through a trimmer resistor which varies the IR 



LED pulse width. The light sensing element is 
a silicon photovoltaic cell which is held at near 
zero bias to minimize leakage currents. The 
circuit can detect signals as low as 1 mV and 
generate an alarm. The IR LED pulse repeti- 
tion rate increases when smoke is detected. 
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1.9 V BATTERY OPERATED 
IONIZATION TYPE SMOKE 
DETECTOR 



Fig. 79-2 



TO 
COMMON 
L£D , ALARMS 

NBL 5020 » 

Dl 

-M- 




LINE-OPERATED PHOTO ELECTRIC 
SMOKE ALARM USING LIGHT SENSI- 
TIVE RESISTOR (INCLUDES DETEC- 
TION OF OPEN-CIRCUITED LED) 
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TO COMBO* 
ALARMS 
O 



++A*~r 



tOuF- 



m 

t.TM 



lowmtterv 

detector 
and oscillator 

«EF 

I ' 



l 



> \ * W" 




HAS AND 

REGULATOR 






1 NFSM1 




HflOIIIZATIOR 
I CHAMIER 



M.7M 



RS 
61k 



iv . 

MALLDHT MNINt , 
PANAIDWC HtR . 

OH CaUIVALENT 



1.9 V BATTERY OPERATED 
IONIZATION TYPE SMOKE 
DETECTOR 



Fig. 79-2 



<T"s«TI»F 




™ V* 



LINE-OPERATED PHOTO ELECTRIC 
SMOKE ALARM USING LIGHT SENSI- 
TIVE RESISTOR (INCLUDES DETEC- 
TION OF OPEN-CIRCUITED LED) 



Fig. 79-3 
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Sound Effect Circuits 



1 he sources of the following circuits are contained in the Sources section beginning on page 730. The 
figure number contained in the box of each circuit correlates to the source entry in the Sources section. 

Voltage-Controlled Amplifier or Tremolo Circuit Tone Burst Generator 

Music Synthesizer Musical Chime Generator 

Preprogrammed Single-Chip Microcontroller-for Sound Effect Generator 

Musical Organ Programmable Bird Sounds 

Musical Envelope Generator and Modulator Stereo Reverb Enhancement System 

Stereo Reverb System Siren/Space War/Phasor Gun 

Four Channel Synthesizer 
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VOLTAGE-CONTROLLED AMPLIFIER OR TREMOLO CIRCUIT 



? 






i 6 




tiiR«iM)-e 



IHHi AS SHOWN 



Circuit 

The transistors form a differential pair 
with an active current-source tail. This config- 
uration, known technically as a variable- 
transconductance multiplier, has an output 
proportional to the product of the two input 
signals. Multiplication occurs due to the de- 
pendence of the transistor transconductance on 



Notes 

the emitter current bias. Tremolo (amplitude 
modulation of an audio frequency by a sub- 
audio oscillator— normally 5-15 Hz) applica- 
tions require feeding the low frequency oscil- 
lator signal into the optional input shown. The 
gain control pot maybe set for optimum depth. 
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MUSIC SYNTHESIZER 
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SUGGESTED OSCILLATOR CIRCUITS 

CRYSTAL NETWORK REC0MMENOE0 FOR 
ACCURACY AND STABILITY 




HO- 



Fig. 80-2 



SPEAKER 



PIEZO-CEHAMIC 
TRANSDUCER 



Circuit Notes 

Three modes of operation are available in the music synthesizer mode: play a note, 
play one of four stored tunes, or record a tune for subsequent replay. 
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PREPROGRAMMED SINGLE-CHIP 
MICROCONTROLLER FOR MUSICAL ORGAN 




IBM 



Fig. 80-3 



Circuit Notes 



Twenty-five musical keys and 25 LEDs 
are provided to denote F to F" with half notes in 
between. Memory can store a played tune. 
There are ten preprogrammed tunes (each has 
an average of 55 notes) masked in the chip. Any 



tune can be recalled by depressing the Tune 
Button followed by the corresponding Sharp 
Key. In learn mode, the player can learn the ten 
preprogrammed tunes. 
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MUSICAL ENVELOPE GENERATOR AND MODULATOR 

+ 10V 



+10V 

OFF-t-ON 
OV 




Fig. 80-4 



Q3 

NPN TONE 

10k INPUT 

■WV-o 



±10V 



OUTPUT ENVELOPE 



Circuit Notes 



When a gate voltage is applied, Ql is 
turned on and capacitor C is charged via the 
attack pot in series with the 1 K resistor vary- 
ing this pot, attact time constant. A fast attack 
gives a percussive sound, a slow attack the 
affect of "backward" sounds. When the gate 
voltage returns to its off state, Q2 is turned on 
and capacitor is discharged via decay pot to 
ground. The envelope is buffered by IC1 and 
applied to Q3, which is used as a transistor 



chopper. A musical tone in the form of a 
squarewave is connected to the base of Q3, 
This turns the transistor on or off and thus the 
envelope is chopped up at regular intervals, the 
intervals being determined by the pitch of the 
squarewave. The resultant waveform has the 
amplitude of the envelope and the harmonic 
structure of the squarewave. IC2 buffers the 
signal and Dl ensures that the envelope dies 
away at the end of a note. 
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FOUR CHANNEL SYNTHESIZER 




OUT 



Fig. 80-6 

Circuit Notes 

This circuit will synthesize two rear chan- 180 out of phase, added to a proportion of the 

nels for quadraphonic sound when fed with a right hand channel (also out of phase). The right 

stereo signal. The rear output for the left chan- hand rear output is obtained in a similar way. 
nel, is a combination of the left channel input 
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TONE BURST GENERATOR 
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Fig. 80-7 



Circuit Notes 

The first timer is used as amonostable and enabled by the high output of the monostable. It 
determines the tone duration when triggered is connected as an astable and determines the 
by a positive pulse at pin 6, The second timer is frequency of the tone . 

MUSICAL CHIME GENERATOR 



o— vvv ■ || i 

VIM 




PULSE FROM A 
RHYTHM GENERATOR 



,D * Issxioooxc" Hl 



Fig. 80-8 



Circuit Notes 



The circuit is that of a multiple feedback 
bandpass filter, A short click (pulse), makes it 
ring with a frequency which is its natural reso- 
nance frequency. Oscillations die away expo- 
nentially and closely resemble many naturally 
occuring percussive or plucked sounds. The 
higher the Q the longer the decay time con- 



stant. Highfrequency resonances resemble 
chimes, lower frequencies sound like claves or 
bongos. Several circuits, all with different 
tuning, driven by pulses from a rhythm 
generator can produce an interesting pattern of 
sounds. 
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SOUND EFFECT GENERATOR 

o 





r^ rn r~K /v 



t> D O 

A AFTER MODULATION 



Circuit Notes 



This waveshape generator is basically a shows an add-on circuit which should be used if 

slow running oscillator with variable attack and a low impedance output is required. Some of 

decay. A variable amplitude (high impedance) the output waveforms that can be produced are 

output is available via the 2 M potentiometer. B shown in C. 

PROGRAMMABLE BIRD SOUNDS 
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Fig. 80-10 
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STEREO REVERB ENHANCEMENT SYSTEM 



■f( VA • VvV- 




SflT 
OUT * 
• BIGHT t DELAY) 



Fig. 80-11 

Circuit Notes 

The system can be used to synthesize a stereo effect from a monaural source such as 
AM radio or FM-mono broadcast, or it can be added to an existing stereo (or quad) 
system where it produces an exciting "opening up" special effect that is truly impressive. 
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SIREN/SPACE WAR/PHASOR GUN 
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Fig, 80-12 



Circuit Notes 

The one shot and decay functions could be added to make an ideal phasor gun sound. 



The Real Muslims Portal 



RMPInternationaLTK 



81 

Sound (Audio) 
Operated Circuits 



1 he sources of the following circuits are contained in the Sources section beginning on page 730. The 
figure number contained in the box of each circuit correlates to the source entry in the Sources section. 

Voice Activated Switch and Amplifier Audio-Controlled Lamp 

Audio Operated Relay Sound Activated Relay 

Sound-Modulated Light Source Sound Operated Two-Way Switch 
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VOICE ACTIVATED SWITCH AND AMPLIFIER 



100 nF 



"SET 
1JM 



Fig. 81-1 



AUDIO OPERATED RELAY 




o 



10- 






iOK 

r 



Fig. 81-2 




I CONTROL 



Circuit Notes 

Ql and Q2 are general purpose transis- timing values from .05 to slightly over 5 sec- 
tors. The 10 K input pot is adjusted to a point onds can be achieved. B shows the addition of a 
just short of where Ql turns on as indicated by 22 K series resistor to the 10 K input pot if a 12 
K pulling in. K is any 5 V reed relay. With the V supply is used. A suitable J2 V reed relay 
values shown for R (100 K) and C (47 fxF), must be used at K. 
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SOUND-MODULATED LIGHT SOURCE 



10k>-*- 




AMP 

OUT 

PUT 

O 



CI 



ICfcj 



-K 



1N4001 



5~12Vac 
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i C2 



6-1ZV 
BULB 



Circuit Notes 

This circuit modulates a light beam with 
voice or music from the output of an amplifier. 
If the 10 K pot is adjusted to slightly less than 
the Vbe of the transistor, the circuit forms a 
peak detector. This drives the gate of the SCR, 
lighting the bulb whose brightness will vary as 
the sound level varies. C2 may be removed for 
a faster response. 



Fig. 81-3 



AUDIO-CONTROLLED LAMP 



r 



St 



LAMP 



120 VAC 



AUDIO, 
INPUT 
1V < 




1K 



SCR 

G£ C6U 6.3V 

C106Y 







TRIAC 



Fig. 81-4 



NOTE: T1 IS A 6.3V, 1A. "FILAMENTTRANSFORMER. ADJUST 
R1 FOR MAXIMUM RESISTANCE THAT WILL NOT TURN 
ON LAMP WITH ZERO INPUT. 



Circuit Notes 



This is an on-off control with isolated, low 
voltage input. Since the switching action is 
very rapid, compared with the response time of 
the lamp and the response of the eye, the effect 



produced with audio input is similar to a pro- 
portional control circuit. If the input signal to 
the SCR consists of phase-controlled pulses, 
full wave control of the lamp load is obtained. 
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SOUND ACTIVATED RELAY 




Fig. 81-5 



•SEE TEXT 



Circuit Notes 



The device remains dormat (in an off con- 
dition) until some sound causes it to turn on. 
The input stage is a 741 operational amplifier 
connected as a noninverting follower audio 
amplifier. Gain is approximately 100. To in- 



crease gain raise the value of R2. The amplified 
signal is rectified and filtered to a dc level by 
R4. Then R5 is set to the audio level desired to 
activate the relay. 



SOUND OPERATED TWO-WAY SWITCH 



SENSITIVITY 




m H*n-@ 



Fig. 81-6 

Circuit Notes 

This circuit operates a relay each time a 
sound of sufficient intensity is made, thus one 
clap of the hands will switch it one way, a 
second clap will revert the circuit to the origi- 
nal condition. Q2 and Q3 form a Schmitt trig- 



ger. The JK flip-flop isaised as a bistable whose 
output changes state every time a pulse is 
applied to the clock input (pin 12). Q4 allows 
the output to drive a relay. 
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82 

Square Wave Oscillators 



1 he sources of the following circuits are contained in the Sources section beginning on page 730. The 
figure number contained in the box of each circuit correlates to the source entry in the Sources section. 

B/C Oscillator CMOS Oscillator 

1 kHz Square Wave Oscillator Free-Running Square-Wave Oscillator 

TTL Oscillator Precision Squares 

Square Wave Oscillator Square Wave Oscillator 

Adjustable TTL Clock 0.5 Hz Square-Wave Oscillator 

Square Wave Oscillator Simple Triangle/Square Wave Oscillator 

Oscillator/Clock Generator Squarewave Oscillator 
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R/C OSCILLATOR 



Gates are 74C04 



fo = . 



1 




2 C[0.41 Rp + 0.70Ri] 



Rp 



Ri R2 
Ri + R2 



a. If Ri = R2 = Ri.f = 0.55/RC 

b. If R2^> Ri, f = 0.45/RiC 

c. If R? « Ri, f = 0.72/RiC 

a. f = 120 kHz, C - 420 pF 
Ri = R2 * 10.9 k a 

b. f = 120 kHz. C = 420 pF, R 2 = 50 k n 
Ri = 8.93 k £1 

c. f = 120 kHz, C = 220 pF. R2 = 5 k ft 
Rt = 27.3 kn 



Fig. 82-1 



1 kHz SQUARE WAVE OSCILLATOR 



SYMMETRY 
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2K 



uj 0.8 

< 

O 0.8 
> 



1 1 

i 

_ , „„ ^ ! . 



Fig. 82-2 



Note: Output Voltage Through a 10K Load to Ground 
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TTL OSCILLATOR 
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Fig. 82-3 



Circuit Notes 



TTL inverter stages, Ul and U2, are cross-connected with a crystal Yl. A resistor 
in each stage biases the normally digital gates into a region where they operate as 
amplifiers. Inverter stage U3 is used as a buffer. 



SQUARE WAVE OSCILLATOR 



Oscillator Frequency for Various Capacitor Values 




1 * 3.4 I 103C 



1.0 k 



10 k 100 k 

FREQUENCY - Hi 



1 M 



Fig. 82-4 
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ADJUSTABLE TTL CLOCK (MAINTAINS 50% DUTY CYCLE) 



ALL INVERTERS: Ci 

"67405 IBjiF 



+ 5V 




Fig. 82-5 



4 - 20 Hz 



Symmetry of the square -wave output is 
maintained by connecting the right side of R2 
through resistor R3 to the output of the third 
amplifier stage. This changes the charging cur- 
rent to the capacitors in proportion to the set- 
ting of frequency-adjusting potentiometer R2. 
Thus, a duty cycle of 50% is constant over the 
entire range of oscillation. The lower fre- 



Circuit Notes 

quency limit is set by capacitor C2. With the 
components shown, the frequency of oscilla- 
tion can be varied by R2 from about 4 to 20 
hertz. Other frequency ranges can be obtained 
by changing the values of CI and R3, which 
control the upper limit of oscillation, or C2, 
which limits the low-frequency end. 



SQUARE WAVE OSCILLATOR 




oJTJT 



,,„ F ^ 



0.01 uf 
< 0.001 U F 



10 pF 



:= 3 BglMH = 'HHI1 E " TT 



10 100 1K 100K 

1 - FREQUENCY (Hil 



Fig. 82-6 



Frequency vs the Value of C| 
for the Squarewav* Oscillator 



Circuit Notes 

This generator is operable to over 100 kHz. The low frequency limit is determined 
by CI. Frequency is constant for supply voltages down to +5 V. 
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OSCILLATOR/CLOCK GENERATOR 
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Fig. 82-7 



Circuit Notes 

This self-starting fixed frequency oscil- 
lator circuit gives excellent frequency stabil- 
ity. Rl and CI comprise the frequency deter- 
mining network while R2 provides the re- 
generative feedback. Diode Dl enhances the 
stability by compensating for the difference 
between Voh and Vsuppiy. In applications where a 
precision clock generator up to 100 kHz is 
required, such as in automatic test equipment, 
CI may be replaced by a crystal. 



CMOS OSCILLATOR 



r~tfl>—r-$l} 




Circuit Notes 

Varying the 100 K pot changes the dis- 
charge rate of Ct and hence the frequency. A 
square wave output is generated. The 
maximum frequency using CMOS is limited to 
2 MHz. 



Fig. 82-8 



FREE-RUNNING 

SQUARE- WAVE OSCILLATOR 




PRECISION SQUARER 



Fig. 82-9 
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Fig. 82-10 
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SQUARE WAVE OSCILLATOR 
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Fig. 82-11 
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0.5 Hz SQUARE-WAVE OSCILLATOR 
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Fig. 82-12 
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SIMPLE TRIANGLE/SQUARE WAVE OSCILLATOR 



741s POWERED FROM 
±12V 




Fig. 82-13 



15k R T 
-WV 

Circuit Notes 

By making Rt variable it is possible to alter the operating frequency over a 100 to 1 
range. Versatile triangle/squarewave oscillator has a possible frequency range of 0.1 Hz 
to 100 kHz. 



SQUAREWAVE OSCILLATOR 
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Fig. 82-14 
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83 



Stereo Balance Circuits 



1 he sources of the following circuits are contained in the Sources section beginning on page 730. The 
figure number contained in the box of each circuit correlates to the source entry in the Sources section. 

Stereo Balance Meter Stereo Balancer 

Stereo Balance Meter 
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STEREO BALANCE METER 
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Fig. 83-1 



Circuit Notes 



Outputs from each channel are fed to the 
two inputs of IC1 connected as a differential 
amplifier. IC2 and 3 are driven by the output of 
ICl. Output of IC1 is connected to the nonin- 
verting inputs of IC2 and 3. If the output of ICl 
approaches the supply rail, the outputs of ICs 2 
and 3 will also go high, illuminating LED3. This 



would happen if the right channel were 
dominating. If the left channel was dominant, 
the outputs of ICs 2 and 3 would be low, il- 
luminating LED1. If the two channels are equal 
in amplitude, the outputs of ICs 2 and 3 would 
be high and low respectively, lighting up 
LED2. 
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Fig. 83-2 



Circuit 

This circuit will allow you to set the gain 
of two stereo channels to the same level. The 
signal across the two channel-load resistors is 
sampled by resistors R2. (Values of these re- 
sistors will depend upon the power level.) For 
most 20 milliampere LED, use approximately 
2,5 K per watt. (For a 10-watt system use a 
25,000 ohm resistor.) To set up, short the two 
inputs and connect them to one channel of a 
power amplifier. Apply a signal and adjust R3 



Notes 

until both LEDs glow at the same brightness 
level. The balancer is ready for use. Connect 
the inputs of the stereo balancer across the 
output of the power amplifier, and then turn up 
either the independent volume controls, or the 
balance control until both LEDs glow at the 
same level. To use this circuit in-line with 
loudspeakers, disconnect both Rls, and use the 
speakers as the load. 



STEREO BALANCE METER 



PARTS LIST FOR 
STEREO BALANCE METER 

01, D2-Silicon rectifier rated 100 

PIV at any low current 
Ml -Zero-center DC mA meter (see 

text) 
R1, R2-10Q0-ohm, Mi-watt resistor, 

5%orl% 
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D2 



Fig. 83-3 



O-l mA 



Mi 



Circuit Notes 

Play any stereo disc or tape and then set the amplifier to mono. Adjust left and right 
channel balance until meter Ml indicates zero; then the left and right output level are 
identical. 
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84 



Switches 



1 he sources of the following circuits are contained in the Sources section beginning on page 730. The 
figure number contained in the box of each circuit correlates to the source entry in the Sources section. 

DTL-TTL Controlled Buffered Analog Differential Analog Switch 

Switch High Frequency Switch 

High Toggle Rate High Frequency Analog Two-Channel Switch 

Switch 10 A, 25 VDC Solid State Relays 
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DTL-TTL CONTROLLED BUFFERED ANALOG SWITCH 
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Fig. 84-1 
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l 
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IF REQUIRED 



Circuit Notes 

This analog switch uses the 2N4860 JFET 
for its 25 ohm run and low leakage. The LM102 
serves as a voltage buffer. This circuit can be 
adapted to a dual trace oscilloscope chopper. 



The DS7800 monolithic IC provides adequate 
switch drive controlled by DTL/TTL logic 
levels. 



HIGH TOGGLE RATE HIGH FREQUENCY ANALOG SWITCH 




■urj m — ■ ■— 
OFF -20 — I— I"*- 



IN914 
fflOM DS7IM 



Fig. 84-2 



Circuit Notes 



Commutator circuit provides low impe- 
dance gate drive to the PN4091 analog switch 
for both on and off drive conditions. This circuit 
also approaches the ideal gate drive conditions 



for high frequency signal handling by providing 
a low ac impedance for off drive and high ac 
impedance for on drive to the PN4091 
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DIFFERENTIAL ANALOG SWITCH 




Fig. 84-3 



DIFFERENTIAL O- 
IhSTFIUMENI 



scaling resistors 



Circuit Notes 



The NPD5566 monolithic dual is used in a 
differential multiplex application where RbtoNj 
should be closely matched. Since Rwn) for the 
monolithic dual tracks at better than ±1% over 
wide temperature ranges (—25° C to +125° C), 



this makes it an unusual but ideal choice for an 
accurate multiplexer. This close tracking 
greatly reduces errors due to common-mode 

signals. 



HIGH FREQUENCY SWITCH 



i t@— n ± t j_ n— ©"' 




VIDEO OUTPUT 



Attenuation > 80 dB © 100 Mrta 
Insertion loss a 6 dB 



Fig. 84-4 



Circuit Notes 

The 2N4391 provides a low ON resistance of 30 ohm and a high OFF impedance {< 
0.2 pF) when off. With proper layout and an ideal switch, the performance stated above 
can be readily achieved. 
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TRIAC ZERO VOLTAGE SWITCHING 




Circuit Notes 

The triac will be gated on at the start of the 
positive half cycle by current flow through the 3 
/aF capacitor as long as the C103 SCR is off. 
The load voltage then charges up the 1 fj.F 
capacitor so that the triac will again be ener- 
gized during the subsequent negative half cycle 
of line voltage. A selected gate triac is required 
because of the III+ triggering mode. 



Fig. 84-5 



TWO-CHANNEL SWITCH 
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Fig. 84-6 



10 A, 25 Vdc SOLID STATE RELAYS 
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Normally Closed 
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Fig. 84-7 
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Telephone Related Circuits 



Ihe sources of the following circuits are contained in the Sources section beginning on page 730. The 
figure number contained in the box of each circuit correlates to the source entry in the Sources section. 



Portable Tone Generator 

Telephone Status Monitor Using an Op- 

toisolator 
Telephone Tone Ringer 
F.C.C. Approved Telephone Tone Ringer 
Telephone or Extension Tone Ringer 
Telephone Line Monitor 
Tone Dial Generator 
Tone Dial Encoder 
Tone Dial Sequence Decoder 
Remote Ring Extender Switch 

Electronic 



Tone Dial Decoder 
Telephone Relay 

Telephone-Controlled Tape Starter (TCTS) 
Telephone Line Powered Repertory Dialer 
Telephone Off-Hook Indicator 
Telephone Handset Tone Dial Encoder 
Low Line Loading Ring Detector 
Phone Auto Answer and Ring Indicator 
Autopatch Telephone Phone Line Interface 
Telephone Ringer Uses Piezoelectric De- 
vice 
Phone Bell 
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PORTABLE TONE GENERATOR 



COM 




4X 3 KEYBOARD 

2 CONTACTS 

PER KEY 



4.7KS2 (4701! FOR 
6 VOLT SUPPLY) 





STANDARD TELEPHONE 

KEYBOARD *" 




ROW 1 


COL 1 COL 2 COL 3 

□ E El 


COL 4 


ROW 2 


BEE 


B 


ROW 3 


BEE 


E 


ROW 4 


BEE 


E 



-FULL KEYBOARD- 



Fig. 85-1 



KEY 


LOW BAND 
FREQ. Hz 


HI BAND 
FREQ. Hz 


1 


697 


1209 


2 


697 


1336 


3 


697 


1477 


4 


770 


1209 


5 


770 


1336 


6 


770 


1477 


7 


852 


1209 


8 


852 


1336 


9 


852 


1477 


* 


941 


1209 





941 


1336 


# 


941 


1477 


A 


697 


1633 


B 


770 


1633 


C 


852 


1633 


D 


941 


1633 
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TELEPHONE STATUS MONITOR USING AN OPTOISOLATOR 



+--- 



PHONE LINE 



TELEPHONE 
SET 



+6V 



+6 V 



470 a 



MCT-2 



33kfl 



1N4154 



100 kfl INTEGRATOR 

2 Mil OFF HOOK 



—i \ S I >. 2 Mil ( 

~""**S» 1/6CD4009 -L- 

kJ~1 rT 



0.05 ^f :r= 



DIFFERENTIATOR 

100 kn 




2N3390 



+6 VI 



1N4154^10kfl 

1/6DC4009 



i j ^rv-wji — v 

> I 1/4CD4011 ~ 1 lg ) I G 3 \>— 

< aflN4154 -L- r-' — -^ 

f J 0.47 m fT0NE-SH0T V4CD4011 



iSCIL 

/6CD 



FLASH OSCILLATOR 

1/6CD4009 1/6CD4009 



1 Mil 



0.47 pF 



Fig. 85-2 



Circuit Notes 

The LED indicates the status of a remote 
telephone. The light is off if the phone is hung 
up. It shines steadily if the phone is off hook, 
and it flashes on and off while phone rings and 
for 5 seconds after ringing stops. The flashing 



oscillator operates continuously but can drive 
the LED only when a ringing signal discharges 
the one shot capacitor to enable NAND gate 
G3. Thus, one oscillator handles several phone 
lines. 
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TELEPHONE TONE RINGER 



Tip 



V| 




Ring 



Fig. 85-3 



4.7 k -I.OjtF 
- J WV 1( 



180 k 






RG 

AC] 

AC2 

RO 



"W 



RC 



RF 



RS 



Rl 



Piezo Sound 
Element 

MC34012-1: C = T0O0pF 
MC34012-2: C= 500 pF 
MC34012-3: C = 2000 pF 



J 



,1 OmF 
-r 10V 



1.8 k 



5.0 M F 
. 25 V 



Circuit Notes 

This is a complete telephone bell replacement circuit with minimum external 
components with on-chip diode bridge and transient protection and direct drive for 
piezoelectric transducers. 

F.C.C. APPROVED TELEPHONE TONE RINGER 



n 250 VHMS 




■4 i- 



R5 

7 



MLS205 



J. C2 
0.22 uF 



5 3Wtn i. 




D.OMJ |tF 



MM!) ><>SPEAKEH 



Fig. 85-4 
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TELEPHONE OR EXTENSION TONE RINGER 




ML8204 



C5 
0,22 |if 



R3 



191k!!J:1W 
5 



C3 

T» ooea mf 



i — »-> ill k 1 1 



B5 
IS Ml 



• Sldi; 



Fig. 85-5 



Circuit Notes 

This circuit uses ML8204/ML8205 devices. With the components shown, the 
output frequency chops between 512 Hz (fai) and 640 Hz (6k) at a 10 Hz (£) rate. 

TELEPHONE LINE MONITOR 




Fig. 85-6 
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Circuit Notes 

Using rectified audio as a power supply, this monitor will send the telephone line 
audio into an 8 ohm speaker. 



The Real Muslims Portal 



RMPInternational.TK 



TONE DIAL GENERATOR 




Fig. 85-7 



Circuit Notes 

The circuit requires a minimum of parts and uses a low cost standard 3.579545-MHz 
television color-burst crystal. The speaker can be eliminated and the output fed directly 
into the microphone input of a transmitter. 

TONE DIAL ENCODER 



J- 







~3T 



1061 
I VW— 



CNOMEmCS 



£41 $ 047 sr*, 

m 



NtGN 
TONES 



"X 



J± 



a r r 







-wv m«v 



1 



Circuit Notes 

Tone dial encoder with automatic PTT control uses the 555 timers. 



-C TWO-TONE OUTPUT 



Fig. 85-8 
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TONE DIAL SEQUENCE DECODER 



+SVdc 



8-1 6V 



FOR OUTPUT "HI" DIAL "123" 
FOR OUTPUT "LO" DIAL "124" 

ON POWER UP OUTPUT Q IS 

LOW 




6 
OUTPUT 



Fig. 85-9 



Except as indicated, decimal 
values of capacitance are in micro- 
farads (<iF): others are in picofar- 
ads (pF): resistances are in ohms, 
k = 1.000 M = 1.000.000 



Circuit Notes 

The circuit takes active low inputs from a Touch Tone decoder and reacts to a 
proper sequence of digits. The proper sequence is determined by which Touch Tone 
digits the user connects to the sequence decoder inputs TT1, TT2, TT3, and TT4. 

REMOTE RING EXTENDER SWITCH 



+ 



-' 270 




Circuit Notes 

The circuit can operate lamps and buzzers 
from the 120 V, 60 Hz power line while main- 
taining positive isolation between the tele- 
phone line and the power line. Use of the iso- 
lated tab triac simplifies heat sinking by re- 
moving the constraint of isolating the triac heat 
sink from the chassis. 



Fig. 85-10 
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TONE DIAL DECODER 




I — vw— 4 f — M%\ — 



III 



I — v* — I J V+t— 

III 9' 



I M"vV— - 1 I VlA» — 

III 9' 



I — V(Ai — 



III 



J-^- 



i ,. j 

7402 

OR 
7421 



Fig. 85-11 



Component values [Typical 

Hi 6.3lo15Kohm 

4.7K ohm 

MKohm 

O.lOmla 

l.OmldSV 

I Smltf «V 

250 iiF ev 



Ci 
C* 

C3 



TELEPHONE RELAY 



7 /£l 



R1 

2Mi! 






470 KS! 
—AAA- ^ 



Connect across 
phone line 



1 »f 



NOTE: 

+6v Of +12v. 10 Pin 14 01 

4011 return lo Pin 7 of 

4011 




+6v or +12v 



Relay coil 



Circuit Notes 

Connected across the bell circuit of phone, 
this circuit closes a relay when the phone is 
.ringing. Use the delay contacts to actuate any 
bell, siren, buzzer or lamp. 



Fig. 85-12 
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TELEPHONE-CONTROLLED TAPE STARTER (TCTS) 



- o- 

TO 
TELEPHONE 

LINE 

+ o T* 




o + 

TO TAPE RECORDER 
REMOTE CONTROL 

JACK 
o- 



C1 
.22 ^F 



■+ TO TAPE RECORDER 

MICROPHONE 
_», INPUT JACK 



Fig. 85-13 



Circuit Notes 



This circuit converts a tape recorder into a 
completely automatic telephone conversation 
recording instrument that needs no external 
power source. Voltage at the switch terminals 
of tape recorder applied to a pair of 
Darlington-connected transistors, Ql and Q2, 
will turn on and start the tape recorder. To turn 
the transistors off, and thereby stop the 
machine, apply a negative voltage to the base of 
Ql from the phone line. When the telephone 



receiver is on the hook, there is typically about 
50 volts dc across the phone divided across Rl, 
R2, and R4 in such a way that the base of Ql is 
sufficiently negative to keep the tape recorder 
off. When the phone's receiver is picked up, the 
voltage on the telephone line drops to about 5 
volts, which leaves insufficient negative vol- 
tage on the base of Ql to keep it cut off, so the 
tape recorder starts and begins to record. 



632 



The Real Muslims Portal 



RMPInternational.TK 



TELEPHONE-LINE POWERED REPERTORY DIALER 



on hook ttmtti 



VCC WE CEL ST 



-K- 



j>5 



411 Ei 

Til f-w^ 

■*— * — * — m < ■ •■NW — - • 



H4 R3 ft* ftl 
[DfTIMML] 



n r 

MUTE TAMP 



■ OFF-HMK POWER 



(HAL PUiSC 
■ WTPUTOH 
SPAflE 



ft<) G, G; Ely VCC 



Do Oj d 2 fia 

E 



en 



77 



Bh BH 

DSC HHH51 



Fig. 8S-14 



Circuit Notes 

Repertory dialer phone has a library of phone numbers to be keyed in and dialed out 

fifteen frequently used numbers, (plus the last directly or a telephone number to be stored in 

number dialed) stored in a standard CMOS the RAM and dialed automatically. 
RAM. A pushbutton keyboard enables tele- 

TELEPHONE OFF-HOOK INDICATOR 



INPUT FROM 
PHONE LINES 




"-H-TW 



ISOOfl 



• -cKw!) 



03 Q* 

2N 3904 141 



(BATTERY 
MAY BE 
5-ISVOL,T$] 



Fig. 85-15 



Circuit Notes 

The LED flickers when the phone is ringing or being dialed. It glows steadily when 
the phone is off the hook. 
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TELEPHONE HANDSET TONE DIAL ENCODER 




© © © 

© © 

® ® ® 

© ® © 



4X 3 MATRIX 

KEYBOARD 

(ONE CONTACT 

PER KE¥| 



f st\ m~r\ if*. I y^ W 



Fig. 85-16 



Circuit Notes 

This encoder uses a single contact per key than 1 volt negative with respect to the nega- 
keyboard and provides all other switching nine- tive supply V- . The circuit operates over the 
tion electronically. The diode between termi- supply voltage range from 3.5 volts to 15 volts. 
nals 8 and 15 prevents the output going more 



LOW LINE LOADING RING DETECTOR 



0.1 



TELEPHONE 

LINE 

40VRMS 

20Hz 




DHD806 



O-AA/V-l H- 

75K 



HIIBX522 



& 



22M 



-1mA 



Fig. 85-17 



Circuit Notes 

Low line current loading is provided by the H11BX522 photodarlington op- 
tocoupler, which provides almA output from a 0.5 mA input. 
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PHONE AUTO ANSWER AND RING INDICATOR 




^0= ENABLE 
V I - CLEAR AND 

DISCONNECT LINE 

OPTO COUPLER 
MCT2 OR 



PHONE 
LINE 



I CR1 
IN4001 



rfi 

J1 - CLOCK COUNTER TO 

AUTOMATICALLY 

ANSWER PHONE 
J2 - WILL WARBLE OSCILLATOR TO 

INDICATE PHONE IS RINGING 

(FOR REVERSE PATCH US£> 



Except as Indicated, decimal 
values ct capacitance are in micro- 
farads tnt=): others are in picofar- 
ads (pF); resislances ars in ohms. 
k= 1000 U- 1.000.000 



Circuit Notes 

Ring detect circuit for automatic 
phone answering or tone generation 
for reverse autopatch use. 



Fig. 85-18 



AUTOPATCH TELEPHONE LINE INTERFACE 



RECEIVER ^ 
AUDIO ' 1 A 



600 OHM TO 600 OHM 
CENTER TAPPED 
TRANSFORMER 



TRANSMITTER Ik 

AUDIO "-VW 




Circuit Notes 

This circuit provides for the 
receiver-to-phone line and phone 
line-to-transmitter link, " with 
both using an op amp for gain. 



RECEIVER . M -' ISfe i (V - ) 
cm ici fit * - ' ^rs.. / 



RLI-DPDT 

LINE 
SEIZE 

GROUND FOR 
PHONE LINE 
CONNECT 



PROVIDES AUDIO 
DIRECTION SWITCHING 



Except as indicated, decimal 
valjes ol capacjtance are in micro- 
farads (nF): others are in picofar- 
ads (pF)l resistances are in ohms 

k -100O M - 1.000000 



Fig. 85-19 
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TELEPHONE RINGER USES PIEZOELECTRIC DEVICE 



47011-10000 
l/*W 

R » ..Wi 




Fig. 85-20 



Circait Notes 



The electronic bell needs no power sup- 
ply. Most of the resistors are not critical, al- 
though C2, R2, and R3 work best at the values 
given. Leaving out Rl will make the unit ring 
louder. The piezo buzzer may vary from store 



to store. If it has two leads, connect the red lead 
to the collector and the black lead to the emit- 
ter of Ql. If a third (blue) lead is present, 
connect it to the base of Ql. 



ELECTRONIC PHONE BELL 




Circuit Notes 



lOfiF 






;:i00k 






|0 „ F _ p— • ■. SEC H I5EC 

'VVWAA/WW- - - 

w*hblE "6Eu. " output 



-kn. 



Fig. 85-21 



The speaker emits a distinctive warble 
tone when ring pulses are applied to the phone 
line. Use this circuit as a remote bell or discon- 
nect the phone's ringer for direct use. Rl ad- 
justs the duration of the output; R2 and R3 



control the tone's duty cycle and frequency. 
The transistor is a general-purpose NPN 
photodevice. The neon bulb and transistor are 
coupled with the heat-shrink tubing to form an 
optoisolator. 
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Temperature Controls 



1 he sources of the following circuits are contained in the Sources section beginning on page 730. The 
figure number contained in the box of each circuit correlates to the source entry in the Sources section. 



Boiler Control 

Heater Control 

Two-Wire Remote AC Electronic 

Thermostat 
Three- Wire Electronic Thermostat 
Temperature-Sensitive Heater Control 



Temperature Controller 
Single-Setpoint Temperature Controller 
Temperature Controller 
Temperature Control 
Temperature Controller 
Temperature Controller 



Portable Calibrator 
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BOILER CONTROL 



TO BOILER 



(BOILER) 




RY1 



Fig. 86-1 



LED1 



Circuit Notes 

The purpose of this circuit is to control the 



water temperature in a hot-water heating sys- 
tem. What it does is to lower the boiler tem- 
perature as the outside air temperature in- 
creases. The op amp is used as a comparator. 
Thermistor TH2 and R2 form a voltage divider 
that supplies a reference voltage to the op- 
amp's inverting input. Thermistor TH2 is 
placed outdoors, and the values of TH2 and R2 
should be chosen so that when the outside 
temperature is 25 °F, the resistance of the 
thermistor and resistor are equal. Resistor Rl 



and thermistor TH1 make up a voltage divider 
that supplies a voltage to the op amp's nonin- 
verting input. Thermistor THl is placed inside 
the boiler and the values of THl and Rl should 
be chosen so that when the boiler's tempera- 
ture is 160 °F, their resistances are equal. The 
output of the op amp controls Ql, which is 
configured as a transistor switch. When the 
logic output of the op amp is high, Ql is turned 
on, energizing relay RYl. The relay's contacts 
should be wired so that the boiler's heat supply 
is turned off (relay energized). 
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HEATER CONTROL 




Circuit Notes 

This proportional control crystal oven 
heater uses lead/lag compensation for fast set- 
ting. The time constant is changed with R4 and 
compensating resistor R5. If Q2 is inside the 
oven, a regulated supply is recommended for 
0.1 °C. control. 



* soiidiaritaiutTi 
t mylat 

* close thermal coupling between sensor and oven shell is recomrneiideO- 



Fig. 86-2 



TWO-WIRE REMOTE AC ELECTRONIC 
THERMOSTAT (GAS OR OIL FURNACE CONTROL) 



!>*♦ 




, IE VAC 
. CONTROL 

TRANSFORMED 
' BDHi 




1N45? ? tit 



SET 1 



;.is 



<4.Tk 



Hh 



Il»f 
I" 
i i i 



S.CHi. 
C1KAI 

on 

IRIHAZ 




*3n*Figidaifi l5Whi+ap 

tpot wrll piwiit itinkti i *D f Id 90 F wlbni tin*. Thr Dim mstor {1 DM) H ttVcitd io b"ng TflfF nf*t tit* mittl* of ft* ptu 
rumtran 
SCR tatting, by proptrpouEioning. cm prthnedii imidi pwn| conical iHbctpiliMi a n pin-Miy umi in m«ny hanN tAtrfflMtttt. 



Fig. 86-3 
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THREE- WIRE ELECTRONIC THERMOSTAT 



■ --- u . 

-W — ****- 



s \Jh t-m 



lO«l>(Ht»TtR:1ll«t»TOJS») 



Ih^V-f 



H«db 



. tl.St 
►1* 



■^VW 1 



OSll ♦ f 



-H- 



tNIQM (41 OR USE EQU1V BfttDGE 



Fig. 86-4 



' DMdet h Wl Sii« i namiriil DC- 12B C Jirvp. 
Wirt wound rnnlaii will pftwidi minimum 
tfmpiulmi itibilily, 
* 'Almni iny THIAC ogfi 1 w 3S *ftitt& 
Liublf m-fh ippigpitae laid. 



TEMPERATURE-SENSITIVE HEATER CONTROL 




Fig. 86-5 
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TEMPERATURE CONTROLLER 



CONTROL CIRCUIT 



IN 4003 



ZERO-POINT SWITCH 



IIS VAC 
60 Hi 



R2 
470 



, CI 
, 40jlF 
SO V 



R4* 
20 k 



R3 
330 k 



R5- 
82 k 



R6 

3 k ; 



w~ 



C2 

0.47 JfF 
30 V 



Q2 

2N390S 




Re 

1,2k 
7 W 



C3 
200 V 



'T x 




□ 2 
^ MZ2361 

Tamp. 



J' 




R9 
1S0 
1 W 



Q4 
2N6346 



D4 
1 N4003 



PS 
1N4001 



-w- 



D3 
1 N4003 



<33 
2N6239 



R10 

1 k 

2 W 



-w- 



D6 
IN 4003 



+ C4 
N 1 llF 
200 V 



Huar 

Loid 




* Lo* TBmp. Coefficient 
•"Fanwell QR51J1 100 k Thermistor 



Fig. 86-6 



SINGLE-SETPOINT TEMPERATRE CONTROLLER 



♦ 15V O— f- 



-B 



0,1% < 



ir 



I I— ■ I HEATED 
I l_ I ELEMENT 






V?E»0 




Fig. 86-7 



Circuit Notes 

The AD590 produces a temperature-dependent voltage across R (C is for filtering 
noise). Setting R2 produces a scale-zero voltage. For the Celsius scale, make R = 1 K 
and V«ro = 0.273 volts. For Fahrenheit, R = 1.8 K and V,™ = 0.460 volts. 
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TEMPERATURE CONTROLLER 




OUTPUT 



Fig. 86-8 



*For low cost applications, an 
LM391 1 can be used 



Circuit Notes 



The sensor is a standard TO-5 or TO-46 
package. For surface or air temperature sens- 
ing. Small clip-on heat sinks can be used. A 
simple probe can be made using heat-shrink 
tubing and RTV silicon rubber. Three-leads- 
plus-shield cable is a good choice for wire with 



the shield connected to pin 4. The controller 
can be used for baths, ovens, oven-temperature 
protection, or even home thermostats. Long- 
term stability and repeatability is better than 
0.5 °C. 



TEMPERATURE CONTROL 



-"Tj~i_n_rf{ 



SET 
TEMPERATURE 



-*+ 



n. 



Fig. 86-9 



■ 
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TEMPEATURE CONTROLLER 



Q V. I12VT0MV) 




Fig. 86-10 



KITES 

1. RiHE SHOULD « THEWRALLY 

CONNECTED TO SUBSTANCE BEFORE 

BEINd HEATED. 
I. NUMBERS IN PARENTHESES ARE 

FDR A 5ETPOINT TEMPERATURE 

or arc. 

J. R3 ■ R! fi£i.R8 



Circuit Notes 



Temperature control is achieved using the 
REF-02 +5 V Reference/Thermometer and a 
CMP-02 Precision Low Input Current Com- 
parator. The CMP-02 turns on a heating ele- 
ment driver (Ql) whenever the present tem- 



perature drops below a setpoint temperature 
determined by the ratio of Rl to R2. The circuit 
also provides adjustable hysteresis and single 
supply operation. 



TEMPERATURE CONTROLLER 




Fig. 86-11 
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PORTABLE CALIBRATOR 



«VT0 

11V. 



A~h» 



200k 



f J 



I TEMPERATURE 
1 STABILIZER 



I.9SV i 



LM1H 



1% 

■AAA*— i 




.OUTPUT 

iov 



'Wtmtup tMM 10 Kuril, inMimimn) nptfiutn don not MfiWt Ism ttrm nihility. 



"1 



Fig. 86-12 
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87 

Temperature Sensors 



J. he sources of the following circuits are contained in the Sources section beginning on page 730. The 
figure number contained in the box of each circuit correlates to the source entry in the Sources section. 



Linear Temperature -to-Frequency 

Transconducer 
Temperature Meter 
Four-Channel Temperature Sensor 
Temperature Sensor 
Integrated Circuit Temperature Sensor 
Precision TemperatureTransducer with 

Remote Sensor 
Centigrade Calibrated Thermocouple 

Thermometer 
ft? Controlled Digital Thermometer 
Isolated Temperature Sensor 
Digital Thermometer 
Variable Offset Thermometer 
Differential Thermometer 
Basic Digital Thermometer, Kelvin Scale 
Basic Digital Thermometer, Kelvin Scale 

with Zero Adjust 
Thermocouple Amplifier 



Optical Pyrometer 

Remote Temperature Sensing 

Simple Differential Temperature Sensor 

Differential Temperature Sensor 

Centigrade Thermometer 

Meter Thermometer with Trimmed Output 

Kelvin Thermometer with Ground Referred 

Output 
Lower Power Thermometer 
°F-50 °F Thermometer 
Temperature-to-Frequency Converter 
°C-100 °C Thermometer 
Ground Referred Fahrenheit Thermometer 
Ground Referred Centigrade Thermometer 
Ground Referred Centigrade Thermometer 
Temperature Sensor 
Positive Temperature Coefficient Resistor 

Temperature Sensor 
Basic Digital Thermometer 



Fahrenheit Thermometer 
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LINEAR TEMPERATURE-TO-FREQUENCY TRANSCONDUCER 



+18-3SV 




Fig. 87-1 



Circuit 

This circuit provides a linear increase of 
frequency of 10 Hz/°C over 0-100 °C and can 
thus be used with logic systems, including mi- 
croprocessors. Temperature probes Ql Vbe 
changes 2.2 mV/°C. This transistor is incorpo- 
rated in a constant current source circuit. Thus, 
a current proportional to temperature will be 
available to charge Cl. The circuit is powered 



Notes 

via the temperature stable reference voltage 
supplied by the 741. Comparator IC1 is used as 
a Schmitt trigger whose output is used to dis- 
charge Cl via Dl. To calibrate the circuit Ql is 
immersed in boiling distilled water and PR1 
adjusted to give 1 kHz output. The prototype 
was found to be accurate to within 0.2 °C. 
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TEMPERATURE METER 



■R2 
-100k 



lTH1 




•RV1 

10 k 
LIN 



,\ £~ 




10 



11 



13 



IC1 



ntn 



swi 
on/off 



R3 .y^ 

-vW — M — " 

470R ^ 

— a^ — ki — " 

470R L ' E ^ 2 
R5 !^ 

470R 



HOT 



WARM 



COLD 



9V 



Fig. 87-2 



NOTE 

IC1STCA965 

LEDl-3areTIL209 



Circuit 

TCA965 window discriminator IC allows 
the potentiometers RV1 and RV2 to set up a 
window height and window width respectively. 
Rl and thermistor TH1 for a potential divider 
connected across the supply lines. Rl is chosen 
such that at ambient temperature the voltage at 
the junction of these two components will be 
approximately half supply. As the temperature 
of the sensor changes, the voltage will change. 



Notes 

RV1 will set the point which corresponds to the 
center voltage of a window the width of which 
is set by RV2. The switching points of the JC 
feature a Schmitt characteristic with low hys- 
teresis. The outputs of IC1 indicate whether 
the input voltage is within the window or out- 
side by virtue of being either too high or too 
low. The outputs of ICl drive the LEDs via a 
current limiting resistor. 
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FOUR-CHANNEL TEMPERATURE SENSOR (0-50 °C) 



> 



12K 

n 



—r-L 2H23K 






-yfr- 




-U 



Fig. 87-3 
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TEMPERATURE SENSOR 



c 



I 



loohn lkfi 

-Wv— t — VW- 



> 1.0M 



* — VA — « — VwV- 




IC! * V »I 



>H H< 



•HI AND R2 SHOULD BE SELECTED TO KEEP Id AND <C2 

LESS THAN 2ftiA 




DESIGN EQUATIONS 

VOUT ■ WHAV&El 

IF pi- 33 THEN TCVquT ■ WnV/t 



^^ 



Fig. 87-4 
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INTEGRATED CIRCUIT TEMPERATURE SENSOR 
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Fig. 87-5 



PRECISION TEMPERATURE TRANSDUCER WITH REMOTE SENSOR 



TRIM 
REF02 

TfMP 
GND 




RESISTOR VALUES 



' UP TO 10 FEET OF SHIELDED 
♦CONDUCTOR CABLE- - u-iov 

FOR TH£0«¥ Of OPtflATJON AND CALIBRATION PROCEDURE CONSULT 
APPLICATION NOTE l» r "THERMOMETER APPLICATIONS OF THE REF^02". 



TCVqut SLOPE (S) 


10mVrc 


lOOmVCC 


10mVrF 


TEMPERATURE 
RANGE 


-55'Cto 
+ 125'C 


-55°Cto 
+ 125 "C 


-67°Fto 
+ 257"C 


OUTPUT VOLTAGE 
RANGE 


-0.55V to 
+ 1.25V 


-6.5V to 
+ 12.5V 


-0.67V to 
+2.57V 


ZERO SCALE 


0V@0X 


ov@o-c 


0V®0*F 


R a ( ± 1 % resistor] 


9.09kn 


I5k0 


7.5k(! 


R b1 (±% resistor) 


1.5kn 


i.ezkn 


1.21k(l 


R bp (Potentiometer) 


2001! 


500!! 


2001! 


R c ( ± 1 % resistor) 


5.11kB 


84.5k1i 


8.25kn 



* For 125 "C operation, the op amp output must be able to swing to + 12.5V, 
increase Vin to +18V from +15V it this is a problem. 



Fig. 87-6 
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CENTIGRADE CALIBRATED THERMOCOUPLE THERMOMETER 




Terminate thermocouple reference junction in close proximity 
to LM235. 
Adjustments: 

1 H Apply signal in place of thermocouple and adjust R3 for a 
Bain of 245.7. 

2. Short non -inverting input of LM308A and output of 
LM329B to ground. 

3. Adjust R1 so that V UT " 2.982V @ 25°C. 

4. Remove short across LM329B and adjust R2 so that VpUT = 
246mV@2S°C. 

5. Remove short across thermocouple. 



Fig. 87-7 



fjuP CONTROLLED DIGITAL THERMOMETER 



SENSOR 




V Vjr^ 



BIAS CIRCUIT 




SAMPLE 
AND HOLD 



MULTIPLEXOR 



IC = NE/SE5514 A A «, 

CKT j CKT 
2 CKT 4 



:L T- r 



> 



NE5537 



A/D 



DIGITAL READOUT 



SD 
5002 



M P 



SAMPLE 
HOLD 



Fig. 87-8 
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ISOLATED TEMPERATURE SENSOR 




-Wr 



i— WV— i 







»-Hh. 



Hh 



-^ 1 -MAr- i 




OUTPUT 



Fig. 87-9 



DIGITAL THERMOMETER 




OUTPUT 



SENSOR 



Fig. 87-10 



Circuit Notes 

The sensor consists of two series- 
connected lN914s, part of the circuit of a 555 
multivibrator. Wired as shown, the output 
pulse rate is proportional to the temperature of 
the diodes. This output is fed to a simple 
frequency-counting circuit. 



651 



The Real Muslims Portal 



RMPInternational.TK 



VARIABLE OFFSET THERMOMETER 



X 



■V+r- 




-VW- 




1 " ZERO 



r 



Adjust for zero with sensor at O^Cand 10T pot set at 6 C 
"Adjust for zero output with 10T pot set at 100°C and sensor 
, at 100°C 
* Output reads difference between temperature and dial setting 

of 1 0T pot 



/» 



Fig. 87-11 



DIFFERENTIAL THERMOMETER 



LM1S11 

NO 1 



-VwV- 



h 



1. 



it, n 



rr 



NO 2 



C *ISV 

>2tm * 

?1BI* 



Quipbi uii iwing JV *i 50,-A 
with Ida output imprdjnt 



' Tht D 01 ii ihc titan Human a m uniti al V r I ar V/ C md » i 'null a< <*i bine D D1 V K wwlwitv u< lh«r [ilnrilut* 



Fig. 87-12 
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BASIC DIGITAL THERMOMETER, KELVIN SCALE 



SCALE 

ADJ 



mimt 



REFHI 
REFLO 



COM 

HI 



=> 3D1 



Circuit Notes 

The Kelvin scale version reads from to 
1999 °K theoretically, and from 223 °K to 473 
°K actually. The 2.26 K resistor brings the 
input within the ICL7106 Vcm range: two 
general-purpose silicon diodes or an LED may 
be subsituted. 



Fig. 87-13 



BASIC DIGITAL THERMOMETER, KELVIN SCALE WITH ZERO ADJUST 



tCLMWs- f 
1.235V ' L 



11, Bi1% i ; 



4020 



U1HD 



SCALE 

ZERO .„ I 9" " 
ADJ Sk0 "U- 



•^ 



1.000V J 



mi«i 



7.SWi 



8 



Fig. 87-14 



R» 
Ml 

REFLO 



COM 
IN HI 

INLO 



A 

V 



3D1 



Circuit Notes 

This circuit allows zero adjustment as 
well as slope adjustment. The ICL8069 brings 
the input within the common-mode range, 
while the 5 K pots trim any offset at 218 °K 
(-55 °C), and set scale factor. 
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THERMOCOUPLE AMPLIFIER 




St=R7 tartos!CMB 






DC SAINS = 1000 
BANDWIDTH « DC TO 540 Hz 
EQUIVALENT INPUT NOISE = 0.24 uVrms 



indicates i 1% metal film resistors recommended for 

temperature stability. 

Pin numbers are shown far metal package only. 



Fig. 87-15 



REMOTE TEMPERATURE SENSING 



1M»14 




Fig. 87-17 



OPTICAL PYROMETER 



SIMPLE DIFFERENTIAL 
TEMPERATURE SENSOR 




U xx: 



^ 




LM33SA LM33B 






Fig. 87-16 



Fig. 87-18 
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DIFFERENTIAL 
TEMPERATURE SENSOR 




™c Fig. 87-19 



KELVIN THERMOMETER WITH 
GROUND REFERRED OUTPUT 




Fig. 87-22 



2 



CENTIGRADE THERMOMETER 



LOWER POWER THERMOMETER 




* Adjust for 2.73V at output of LM308 



Fig. 87-20 



METER THERMOMETER 
WITH TRIMMED OUTPUT 



V* 

OUTPUT • (*)-< ' 



LMimi 

■•PUT 



'StlKIri is lor rnatti Thermometer txctpl T a lilauld 
he 6" K more ihiit tttint ind F ■ IfrtbA 
'Cll.brilni T 



►<»(.' 



Fig. 87-21 




.1.3 TO 
1.6V* 



•2N363B or 2N2907 select for inverse Hpg = 5 
1 Select for operation at 1.3V 
' lQ»600y.A lo 900 (.A 



Fig. 87-23 



°F-50 °F THERMOMETER 



y & 




Fig. 87-24 



Calibration 

1. Short LM38S-1.2. adjust ft3 for l OUT = temp at 1.8pA/"K 
£. Remove short, adjust R2 tor correct reading in "F 
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TEMPERATURE-TO-FREQUENCY CONVERTER 



390K 



2M2 



a 



14 11 



5 

13 3 

10 IC1 

12 



NOTE 

D1 I5 1N914 

Q1 is ZTX300 

Q2isZTX500 

(CI is 4007 



CJ T 



2n5 



•R5 
.100k 



'R3 

10V 



' R4 
, 10k 



■® 



02 



• R2 
, 4k7 



&%T' 



■ +9V 



Fig. 87-25 



■ Ov 



Circuit Notes 



The circuit exploits the fact that when fed 
from a constant current source, the forward 
voltage of a silicon diode varies with tempera- 
ture in a reasonably linear way. Diode Dl and 
resistor R2 form a potential divider fed from 
the constant current source. As the tempera- 
ture rises, the forward voltage of Dl falls 



tending to turn Ql off. The output voltage from 
Ql will thus rise, and this is used as the control 
voltage for the CMOS VCO. With the values 
shown, the device gave an increase of just 
under 3 Hz/°C (between °C and 60 °C) giving 
a frequency of 470 Hz at °C. 



°C-100 °C THERMOMETER 




Calibration 

1 Short LM385-1 2. adjust H3 lor l 0UT = tamp at ', j.A/'K 

2 Remove short, ad|ust R2 lor correct reading in centigrade 
'lO al > 3Va50O|,A 

iQal l 6V5 2.U rnA 



Fig. 87-26 



GROUND REFERRED 
FAHRENHEIT THERMOMETER 



[iMUS 









\ |1H .Sit 



Adjust R2 for 2.554V across LM336. 
Adjust R1 for correct output. 



Fig. 87-27 
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GROUND REFERRED 
CENTIGRADE THERMOMETER 




3DpF 



Fig. 87-28 



TEMPERATURE SENSOR 



>1B0kH 



' 1N414C 
■ SENSOR 



300 Ml >3O0ka 






50 hfl >*t- 



-f'R 



V IN 



Fig. 87-30 



GROUND REFERRED 
CENTIGRADE THERMOMETER 



POSITIVE TEMPERATURE 
SENSOR COEFFICIENT 
RESISTOR 




, 1%/ c 
PTC 



R 2 

■^ 

20 k:: 



m 



TSC71U6A 



Fig. 87-29 



Fig. 87-31 
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BASIC DIGITAL THERMOMETER (CELSIUS AND FAHRENHEIT 

SCALES) 



4 



•$ 



! — — I 

<— IBEFHI 
RIFLO 



ICLT1W 
IN HI 



COMMON 
IN 1.0 



=!> I&3.B 





H 


R, 


R 2 


n 3 


R« 


As 


•F 


9.00 


4.02 


2.0 


12.4 


10.0 





°C 


5.00 


4.02 


2.0 


5.11 


5.0 


11.8 



Fig. 87-32 



Circuit Notes 

Maximum reading on the Celsius range is 199,9 °C, limited by the (short-term) 
maximum allowable sensor temperature. Maximum reading on the Fahrenheit range is 
199.9 °F (93.3 °C), limited by the number of display digits. Veef for both scales is 500 
mV. 



FAHRENHEIT THERMOMETER 



4.Uk 



}0il1 



To calibrate adjust R2 far 2554V across I.M336. 
Adjust R1 lor correct output. 



Fig. 87-33 
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Timers 



i. he sources of the following circuits are contained in the Sources section beginning on page 730. The 
figure number contained in the box of each circuit correlates to the source entry in the Sources section. 



Thumbwheel Programmable Interval Timer 
Sequential Timer 
Sequential Timer 
Sequential UJT Timer Circuit 
Time-Delayed Relay 
0.1 to 90 Second Timer 
Sequential Timing 

Solid-StateTimerfor Industrial Applica- 
tions 



Precision Solid State Time Delay Circuit 

Electronic Egg Timer 

On/Off Controller 

Timing Circuit 

Simple Timer 

Long Interval RC Timer 

Timer 

741 Timer 

Washer Timer 



Simple Time Delay 
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THUMBWHEEL PROGRAMMABLE INTERVAL TIMER 



BCD THUMBWHEEL 
SWITCH E 5 



J INCH 

J.EDS 



9 — <C OUTPUT 3 




Fig. 88-1 

Circuit 

Switch programmable on/off or interval 
timer, has three relay-switched outputs. Out- 
put one is active for the duration of time 1, 
output two is active for the duration of time 2, 
and output three is active for the duration of 
both one and two. Timing data is input through 
6 BCD-encoded thumbwheel switches. Three 
SPST switches inform the WD-55 to interpret 



Notes 

this data as NNN seconds. NNN seconds, 
NNN minutes, or NNN hours. The LED display 
will show the time remaining and the 
countdown when operating. Since the data is 
input through switches, the display may be 
deleted. Also, since the timing information is 
read from switches, the data is nonvolatile and 
no battery backup is required. 
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SEQUENTIAL TIMER 
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Fig. 88-2 



t— Time— 1 s/djv 



Circuit Notes 



Many applications, such as computers, re- 
quire signals for initializing conditions during 
start-up. Other applications such as test 
equipment require activation of test signals in 
sequence. SE555/NE555 circuits may be con- 



nected to provide such sequential control. The 
timers may be used in various combinations of 
astable or monostable circuit connections, with 
or without modulation, for extremely flexible 
waveform control. 
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SEQUENTIAL TIMER 






.001 
INPUT O 1 f •■ 



$L 






o 






7 " 3 



ALL AESISTOR VALUES ARE IN OHMS 



Circuit Notes 

By utilizing both halves of a dual timer it is 
possible to obtain sequential timing. By con- 
necting the output of the first half to the input of 
the second half via a .001 nF coupling capacitor 
sequential timing may be obtained. Delay ti is 
determined by the first half and b by the second 
half delay. The first half of the timer is started 
by momentarily connecting pin 6 to ground. 
When it is turned out (determined by 
1.1R1C1), the second half begins. Its duration 
is determined by 1.1R2C2. 



Fig. 88-3 



100. 



SEQUENTIAL UJT TIMER 

(1.0 >zF 



START PULSE 
UJT = 2N4853 

SCR = 2N5061 

TRANSISTORS = 2N4125 



STAGE 1 



10^F 




STAGE 3 



3 5SCR 4 



TURN OFF 
CIRCUIT 



Fig. 88-4 
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TIME-DELAYED RELAY (FOR PATIO-LIGHT, GARAGE LIGHT, EN- 
LARGER PHOTOTIMER, ETC.) 




-/- 



IK* 



"RESET 



V\ V. 



3.3 K S2WS 

(TIME ADJUST) t0IL 



^L_l/ 



"TIME" 



OPDT 



AI4B 

— w— 



-WV- 



fJOO/xF IM £ A|4U 



n /^ ?\ CI06E 

„ V.J SCR 



* GE 
^ AI4B 



120 VRMS 
60CPS „ 



Fig. 88-5 



note: all resistors 1/2 watt 



Circuit Notes 

This simple timing circuit can delay an output switching function from .01 seconds 
to about 1 minute. The SCR is triggered by only a few microamps from the timing 
network Rl-Cl to energize the output relay. 



0.1 TO 90 SECOND TIMER 



33041 <* 33*11 




SEQUENTIAL TIMING 



9v„ 



10K > Jm^> R ] 



GE BLACK HAWK 
7SFJR5A224 



47fl ;±:.22|JF 



C-flE 6LUE JAY AAI8AI05C 



Fig. 88-6 



Circuit Notes 

The timer interval starts when power is 
applied to circuit and terminates when voltage 
is applied to load. 2N2646 is used in oscillator 
which pulses base 2 of D5K. This reduces the 
effective L of D5K and allows a much larger 
timing resistor and smaller timing capacitor to 
be used than would otherwise be possible. 



NPUT 



«j'i 



1U 14 




OUTPUT 1 

o 



-JTT-. 



Circuit Notes 



Fig. 88-7 



By utilizing both halves of the dual timer it 
is possible to obtain sequential timing. By con- 
necting the output of the first half to the input of 
the second half via a .001 /xF coupling 
capacitor, sequential timing may be obtained. 
Delay ti is determined by the first half and b by 
the second half delay. The first half of the timer 
is started by momentarily connecting pin 6 to 
ground. When it is timed out (determined by 
1.1R1C1) the second half begins. Its time dura- 
tion is determined by 1.1R2C2, 
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SOLID-STATE TIMER FOR INDUSTRIAL APPLICATIONS 




Fig. 88-8 



Oo-ntll-Dubilitr ElKtronici— Typf MMW or aqurvalant 
Ft wntroli duration ut tiffit d*>aV- Al R ■ W Mfl up to 
5-rninuli dalav IIHC >»tlor, Tvp#CQH or *quivalantl 
Tftii circuit can t4io !>» uiad a* lupply vOKigiaof 240 VAC 
and 24V AC feOHil by changing tha valuai ol R1 and 03 



TIMING CIRCUIT CHARACTERISTICS 

t a - -a&octo+eooc 

Accur«v: ±\0%. (avf ItfttpttMurti 
Rapaalability; ±3* lit »°CI 
HaaatTlma: Laai than ISO rm 



•UOi iKttl 



Iqj- 200jtA 
l T - 0.8A 
l ft - InA 
V«- 60V 



PRECISION SOLID STATE TIME DELAY CIRCUIT 




Fig. 88-9 



Circuit 

Time delays from 0.3 milliseconds to over 
three minutes are possible with this circuit 
without using a tantalum or electrolytic 
capacitor. The timing interval is initiated by 
applying power to the circuit. At the end of the 
timing interval, which is determined by the 
value of R1C1, the 2N494C fires the controlled 
rectifier. This places the supply voltage minus 



Notes 

about one volt across the load. Load currents 
are limited only by the rating of the controlled 
rectifier which is from 1 ampere up to 25 am- 
peres for the types specified in the circuit. A 
calibrated potentiometer could be used in place 
of Rl to permit setting a predetermined time 
delay after one initial calibration. 
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ELECTRONIC EGG TIMER 




c 
TIL 209 



<3£ 

BCI07 






Circut Notes 

The IC functions as an af multivibrator which 
is controlled by the external transistor, S1A/B is 
the on-off toggle switch. 



Fig. 88-10 



ON/OFF CONTROLLER 




Fig. 88-11 

Circuit Notes 

The ac line-operated on/off controller is a fered by a transistor to supply gate current to a 

simple, reliable solid-state alternative to a mo- triac which switches the output load. When 

tive driven cam switch. Time 1 and time 2 are power is applied to the circuit, the output load 

programmed by diodes to be 8 hours and 20 is switched on for 8 hours then off for 20 hours 

hours respectively. The TIM1 output is buf- repeatedly. 
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TIMING CIRCUIT 



RESET 



9 TIME 



1K 



— + 100V 
dc 

100K 



IN4148T 



TO 10 MEG . 

500 ft S L 



TO50K 
3N85 



100K, 



T 



Circuit Notes 

Load current starts approximately 0.5 RC 
after the switch is thrown. 



100K 



Fig. 88-12 



SIMPLE TIMER 



2N2926 I — i 

■^ \ r+J 200 ohm 

^T V — "* HELAY 







Fig. 88-13 



Circuit 

Press SI. The 100 fiF electrolytic 
capacitor rapidly charges up at about 0.7 V. The 
transistor will be forward biased, and collector 
current will flow operating the relay. Release 
SI. The capacitor will begin to discharge via 
the 33 K resistor at the base of the transistor. 
When the voltage across the capacitor gets 
down to half a volt or so, the transistor base will 
no longer be forward biased, collector current 



Notes 

will cease, and the relay will drop out. The 
capacitor will continue to discharge via the 47 
K resistor. With the values shown, the relay 
will remain operated for about eight seconds. 
Long times are possible with lower values of 
capacitance by substituting a Darlington pair 
for the 2N2926. In this case, increase the two 
resitor values into the megohm range. 
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LONG INTERVAL RC TIMER 



VrO 




Fig. 88-14 



carbenata or 
ran* Capacitor 



Tima'l) - H4CBn(V B /V R -V|l. S3- R 4 , R B ■ 

If HI - HI- I- 0.693 R4C 
Dasign Emmpli: 100 Second Timar 
Vr-IOV C-l(iF R3-R4-144M 

RS - JO k RS"!k R 1 » R2 • 1 k 



741 TIMER 




Fig. 88-15 



Circuit 

Rl and R2 hold the inverting input at half 
supply voltage. R4 applies feedback to increase 
the input impedance at pin 3. Pin 3, the nonin- 
verting input, is connected to the junction of R3 
andC. Afterthe switch is opened, C charges via 
R3, When the capacitor has charged sufficiently 
for the potential at pin 3 to exceed that at pin 2 
the output abruptly changes from V to posi- 



Notes 

tive line potential. If reverse polarity operation 
is required, simply transpose R3 and C, R3 and 
C can be any values. Time delays from a frac- 
tion of a second to several hours can be ob- 
tained by judicious selection. The time 
delay— independent of supply voltage— is 
0.7CR seconds where C is in farads. 
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TIMER 




88-16 



Circuit Notes 



The timer can be used wherever time 
periods of up to seven minutes duration are 
needed. To turn on just touch the turn-on plate, 
and after the selected time has elapsed, an 
alarm will sound for a short period, then au- 
tomatically turn off. The turn-on touch plate, 
labeled TP in the diagram, is made up of two 
metal strips about 1/16-inch apart. Bridging 
the gap with your finger activates the timer. 
For more time range, increase Rl and/or Cl. 
R2 and C2 determine the period of time that the 
alarm will sound. Increasing either will extend 
the time. The tone of the alarm is determined 
by R3 and C3. Increasing either lowers the 
tone, decreasing them raises the tone. 



WASHER TIMER 




: ; R» 



rt 



Fig. 88-17 



SIMPLE TIME DELAY 



FP5 



1 




Fig. 88-18 



|«D ' 



s : 
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89 

Tone Controls 



1 he sources of the following circuits are contained in.the Sources section beginning on page 730. The 
figure number contained in the box of each circuit correlates to the source entry in the Sources section. 

Stereo Phonograph Amplifier with Bass Passive Bass and Treble Tone Control 

Tone Control Baxendall Tone-Control Circuit 

Equalizer High Quality Tone Control 

Three-Channel Tone Control Microphone Preamplifier with Tone 

IC Preamplifier with Tone Control Control 

Amplifier with Bass Boost Hi-Fi Tone Control Circuit 

Active Bass and Treble Tone Control with Three-Band Active Tone Control 

Buffer Tone Control Circuit 
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STEREO PHONOGRAPH AMPLIFIER WITH BASS TONE CONTROL 



■";■'' ' 



i > WV 1 ^-»< »» 



rtf 



.. 4t" 



STEREO 

CEOAMIC 

CARTMDGE 



0.tUuF 
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I T 13 LIIH77 ^> A ■ 1 1 1 




Fig. 89-1 
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EQUALIZER 



o lh 
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IC PREAMPLIFIER WITH TONE CONTROL 



BALANCE t 

<-*$ 10012 

75 pF 



0.00376 nf 



JMkn 
-W\i 



-!(- 



IC PREAMPLIFIER RESPONSE CHARACTERISTICS 

25 



20 

ffl 15 

C 10 

o 

y b 

| 

< 

8. - 5 

> 

-15 

-20 
-25 



— TT-r 
MAX E 


nil | 
)ASS 




I 




1 ! III!! 
MAX 






V CC± = 

V T A -2S 

]\ See FigL 


±15 V 




TREBLE 






re 30 






til 
















Ar- 


i 
i 


















i ■ 
















lT 




















































MIN 


MIN BASS 

I n I I III 










TREBLE 

i nun 



20 40 100 200400 1k 2k4k 10k 20k 
f— Frequency— Hz 



27kS2 

— AVw — 



0.01 fiF 



VCC+ 



1 'J»F 



;bo p f 




vcc- 



Skf! 
GAIN 



MIN 

IDOkfi. 

bass : 



0.03 (IF 

-k- 



Fig. 89-4 



io tn 3.3 kn ' 



0.03 /IF 



0.003 (IF ! 




Hf- 



Vcc- 



47 (|F 



AMPLIFIER WITH BASS BOOST 



O 

no 
'■^Mr-f- 



• WASS 



6 1 ^ 





Fig. 89-5 



it so ion :h mn i. it a ink 2«t 

fDEQUEDCVIHl) 

Frtqutncy Rtfponu with Bau Bdoii 



673 



The Real Muslims Portal 



RMPInternational.TK 



ACTIVE BASS & TREBLE TONE CONTROL WITH BUFFER 
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HIGH QUALITY TONE CONTROL 




Circuit Notes 



Fig. 89-9 



The circuit is based on an inverting op amp 
using discrete transistors to overcome poor 
slew rate, fairly high distortion, and high noise 
problems. The output stage is driven by a con- 
stant current source, biased by a green LED to 
provide temperature compensation. With the 
controls flat, the unit provides unity gain so the 



stage can be switched in or out. The design is 
suitable for inputs between 100 mV and 1 V and 
provides a good overload margin at low distor- 
tion for the accurate reproduction of transients. 
The usual screening precautions against hum 
should be carried out. 
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HI-FI TONE CONTROL CIRCUIT (HIGH Z INPUT) 



'—\\ 



V 

i 



5 1 ',",' 10k IM Ilk 

1M I J | ■ iVVV • — W, . W^-» 

>i.lk « mi „t — *~ ^TZtaivf 

£ X T 






Fig. 89-11 




Circuit Notes 

The 2N5458 JFET provides the function of a high input impedance and low noise 
characteristics to buffer an op amp feedback tone control circuit. 



THREE-BAND ACTIVE TONE CONTROL 
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TONE CONTROL CIRCUIT 
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* All potentiometers are linear taper 

* Use the LF347 Quad for ttereo application! 



Fig. 89-13 



Circuit Notes 

A simple single-transistor circuit will give directly into any existing amplifier volume con- 



approximately 15 dB boost or cut at 100 Hz and 
15 kHz respectively. A low noise audio type 
transistor is used, and the output can be fed 



trol to which the tone control is to be fitted. 
The gain of the circuit is near unity when con- 
trols are set in the flat position. 
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Transmitters 



1 he sources of the following circuits are contained in the Sources section beginning on page 730. The 
figure number contained in the box of each circuit correlates to the source entry in the Sources section. 

Wireless AM Microphone 1-2 MHz Broadcaster Transmitter 

27 MHz and 49 MHz RF Oscillator/ One Tube, 10 Watt C.W. Transmitter 

Transmitter Simple FM Transmitter 
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WIRELESS AM MICROPHONE 




Fig. 90-1 



Circuit Notes 

Transistor Ql and its associated components comprise a tuneable rf oscillator. The 
rf signal is fed to transistor Q2, the modulator. Operational amplifier IC1 increases the 
audio signal and applies it through resistor R4 to the base of Q2. Tune an AM radio to an 
unused frequency between 800 to 1600 kHz. Tune LI for a change in the audio level 
coming from the radio. Peak the output by adjusting L2. If LI is disturbed, it may be 
necessary to readjust L2 for peak performance. Depending on the impedance of the 
microphone audio sensitivity can be increased by decreasing the value of R10 and vice 
versa. 
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27 MHz AND 49 MHz RF OSCILLATOR/TRANSMITTER 
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Fig. 90-2 



Circuit Notes 

The modulator and oscillator consist of two NPN transistors. The base of the 
modulator transistor is driven by a bidirectional current source with the voltage range for 
the high condition limited by a saturating PNP collector to the pin 4 Vreg voltage and low 
condition limited by a saturating NPN collector in series with a diode to ground. The 
crystal oscillator/ transmitter transistor is configured to oscillate in a class C mode. 
Because third overtone crystals are used for 27 MHz or 49 MHz applications a tuned 
collector load must be used to guarantee operation at the correct frequency. 



1-2 MHz BROADCAST TRANSMITTER 
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Circuit Notes 

Tl is a low impedance output transformer 
5000-8 ohms. 
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ONE TUBE, 10 WATT C.W. TRANSMITTER 
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Fig. 90-4 



SIMPLE FM TRANSMITTER 

V 




Fig. 90-5 



Circuit Notes 

This transmitter can be tuned to the FM broadcast band, 2 meters,-or other VHF 
bands by changing C5 and Ll. The values given for C5 and Ll will place the frequency 
somewhere in the FM broadcast band. Ll is 4 turns of #20 enameled wire airwound, Vi 
inch in diameter, 5mm long and center-tapped. The microphone is an electret type and 
the antenna is 18 inches of any type of wire. Keep all leads as short as possible to 
minimize stray capacitance. The range of the transmitter is several hundred yards. 
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Ultrasonics 



1 he sources of the following circuits are contained in the Sources section beginning on page 730. The 
figure number contained in the box of each circuit correlates to the source entry in the Sources section. 

Ultrasonic Switch Ultrasonic Pest Repeller 

Ultrasonic Bug-Chaser Mosquito-Repelling Circuit 

40 kHz Ultrasonic Transmitter 
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ULTRASONIC BUG-CHASER 
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Fig. 91-2 



Circuit Notes 



Low-intensity ultrasonic sound waves in 
the 30-45 kHz frequency band repel insects and 
small rodents. The unit is designed to generate 
a swept square wave from 30 to 45 kHz. The 
LM555 IC is wired as an ultrasonic oscillator 



driving a piezoelectric speaker of the hi-fi 
super-tweeter type. The output of the oscil- 
lator is swept by a 60-Hz signal from the ac 
input of the bridge rectifier. The LED acts as a 
pilot. 



MOSQUITO-REPELLING CIRCUIT 
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Fig. 91-3 



Circuit Notes 

In the 555 oscillator circuit, adjusting R2 ture speaker so that it will produce frequencies 
will provide output frequencies from below 200 on the order of 20 kHz. 
Hz to above 62 kHz. Use a good quality minia- 
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ULTRASONIC PEST REPELLER 
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Fig. 91-4 



Circuit 

The device emits ultrasonic sound waves 
that sweep between 65,000 and 25,000 hertz. 
Designed around a 556 dual timer, one half 
operated as an astable multivibrator with an 
adjustable frequency of 1 to 3 Hz. The second 
half is also operated as an astable multivibrator 
but with a fixed free running frequency around 



Notes 

45,000 Hz. The 25-65 kHz sweep is ac- 
complished by coupling the voltage across C2 
(the timing capacitor for the first half of the 
556) via Ql to the control voltage terminal (pin 
11) of the second half of the 556. The device 
that radiates the ultrasonic sound is a piezo 
tweeter. 



40 kHz ULTRASONIC TRANSMITTER 
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Fig. 91-5 
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Video Amplifiers 



1 he sources of the following circuits are contained in the Sources section beginning on page 730. The 
figure number contained in the box of each circuit correlates to the source entry in the Sources section. 

Video IF Amplifier and Low-Level Video TV Sound IF or FM IF Amplifier with Quad- 
Detector Circuit rature Detector 

Television IF Amplifier and Detector Using IF Amplifier 

an MC1330 and an MC1352 FET Cascode Video Amplifier 

Two-Stage Wideband Amplifier High Impedance Low Capacitance Amplifier 

Video IF Amplifier and Low-Level Video JFET Bipolar Cascode Video Amplifier 

Detector Circuit Video Amplifier 

Video Amplifier 
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VIDEO IF AMPLIFIER AND LOW-LEVEL VIDEO DETECTOR CIRCUIT 
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(Sue Table) 
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19 pF 
10 Turns 



Fig. 92-1 



Circuit Notes 



The circuit has a typical voltage gain of 84 
dB and a typical AGC range of 80 dB. It gives 
very small changes in bandpass shape, usually 
less than 1 dB tilt for 60 dB compression. 
There are no shielded sections. The detector 



uses a single tuned circuit (L3 and CIO). Cou- 
pling between the two integrated circuits is 
achieved by a double tuned transformer (LI and 
L2). 
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TELEVISION IF AMPLIFIER 
AND DETECTOR USING AN MC1330 AND AN MC1352 



• V* 




I 



Auxiliary 
—•Vidua 
Output 

Primary Video 
— • And 
Sound Output 

7.7 

V 



^AH| w-r*- 



Output 



All winding* #30 AWG clti r>*d nylon acetate wire *-*£™} — '-v— 
tuned with high pwmiablllty slugs. Coil Craft L1\ / IU 



#4736 dHferentlal transformer 



5 6 

Turns Turns 



C10"62pF 

C11 • ISaTibh II) 

All fltsltnn 1/4-Watt ±5* 

Wound with #26 AWG tinned nylon 
16 acetate wire tuned by distorting 

winding. 



TABLE I 



Video 
Polarity 


Pin 6 

Voltage 


Pin 10 
Voltage 


R4 


Negative- 
Going 
Sync. 


5i5 AMI p^ 


Adj. 1.0-4.0 Vdc 
Norn 2.0 V 







Positive- 
Going 
Sync. 


Adj. 1.0-8.0 Vdc 
Norn 4.5 V 


*vyvV Wv 


3.9 k 


D 





TABLE II 




Component 


36 MHz 


45 MHz 


58 MHz 


C7 
Cm 
C11 

L3 


24 pF 
18 pF 

33 pF 
12 Turns 


15 pF 
12 pF 
33 pF 

10 Turn* 


10 pF 
10 pF 
18 pF 

10 Turns 



H pb (See Text! 
R 1 ■ 50 SI 
R2 - 3.9 ktl 
H3 - (See Text) 
R4- (See Table I) 
RS - 220 kfl 
RS » 220 CI 

R7 -22 n 

RS - 3.3 kn 

R9-3.9kfi 



R10= 3.9 kO 
Rll -4.7 kiJ 

CI -0.001 tlF 

C2-0.1 uF 

C3 -0.25UF- 

C5 - 0.1 uF 

C6 - 0.1 H? 

CJ - ISee Table II) 

C8 - 0.1 M F 

C9 - (Saa Table II) 



Fig. 92-2 
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TWO-STAGE WIDEBAND AMPLIFIER 



} —i *hr 




£^ 



itvt *«r 



M*^ 



H^' 



ALL CAPAOTOM lOOOpf 



Circuit Notes 

A wideband high gain configuration using 
two SL550s connected in series. The first 
stage is connected in common emitter config- 
uration, the second stage is a common base 
circuit. Stable gains of up to 65 dB can be 
achieved by the proper choice of Rl and R2. 
The bandwidth is 5 to 130 MHz, with a noise 
figure only marginally greater than the 2.0 dB 
specified for a single stage circuit. 



Fig 92-3 



VIDEO IF AMPLIFIER AND LOW-LEVEL VIDEO DETECTOR CIRCUIT 



ci - 

OOHrF 



C6 
10 111 



I T H > wv — •— » 

Ci c?l 

-=fc o.MSnf L>iTO>.f;s; 



-Ww— 



T 



002 »f 



ci2 in 

0KB»* >43k 



AUXILIARY VIDEO 



51 H^, 




jVwj 



PfUMAAY VIDEO 
AND SOUND OUTPUT 

} >v\ 



Fig. 92-4 



TURNS 



Tl'R*jS 



L| «H>unelwi|h 2E AWG trim** nylon 
Kll*l*win tuflBd by disfctting winding 



A^wmdiiiu* 22 AWG linntiJ nylon 
iltlttt win tuMd with Coitcraft '61 
stuff, nn ID- 3?, Of ttShiivilHii 
*S*t Nol« I {a«gi3).in4C*.P«ruLiB(pt|t4lfa(lhiiip«e<1rt>tiiMbnth>»MCI349PDiliShHl 
>4 Sh tnpvt Ovuloid Ssclian d1 th« Onign CnmclrriiliEi P«jt 3, and Gin«r*l Infoimilion., F§tw Is flolt G 
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TV SOUND IF OR FM IF AMPLIFIER WITH QUADRATURE DETECTOR 




0I»F 0.1 uF 



I Ta.D03 i m \ ( I 

n i ..c — *- -i- - >t l 



z 



1 



cF f^ 

VOLUME 



0.006 tf 



-»— i' 



(0«ti0ngl) J_ _j_ 



SsO.ljiF 



Typical Ptrtarmanct: 
2 flam Output 
2% Oiitortion 
250 uV Sansiiiviiv 13 d< Lim.l 



CI ■ I2dpf 
LI - ISjiH 
H I = 20 kil 
Q-30 



Fig. 92-5 



IF AMPLIFIER 



- TYPICAL APPLICATION OF MC1349P VIDEO IF AMPLIFIER 
•nd MC1330 LGWLEVEL VIOIO DETECTOR CIRCUIT 



rrn 

■± ».002|iF 



Iff 160 120 
it — f^WV-t-t— wv *■ 






AGC 



Ftt 



s > t"5 a? 4^ 

10.002 002 I 

"1 1 I 



0.002 jjF 



* 18 Vile 

•«, 



'lev 

AUXILIARY VIDEO 

OUTPUT 

«14V 



^ elf si) ^j' 



SpSBpF 8$ 3 ?" 33pF *2 Y> 

Hi 



IAAY VIDEO 
)UN0 OUTPUT 



PFMMAAY VIDEO 
AN0 SOUND OUTPUT 



□ [ 



»16 



2 

TUPNS 



mn 



n 



TURNS 



J 

1, 






Alt winding I?? AWE tinmil nylon 
acetate wire lurttd wilh Cailerllt #61 

siirgs, s.i2B 10-32. or EQuivBieRt, 

"S** Note 1 | page 3). ind C4, Puis Lilt {ptga 4) of 1 1 its sptc.il kit Fon. 



i. i wound with -26 AWG tinned nylon 
aceiaie kviie tmietl by distorting winding. 



Fig. 92-6 
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FET CASCODE VIDEO AMPLIFIER 



SHUNT.. 
PEAKING CDIl 




<f p. lout 



MMfXPSH 



L L&_ 



Circuit Notes 

The FET cascode video amplifier features 
very low input loading and reduction of feed- 
back to almost zero. The 2N5485 is used be- 
cause of its low capacitance and high Yf 5 . 
Bandwidth of this amplifier is limited by RL and 
load capacitance. 



Fig. 92-7 



HIGH IMPEDANCE LOW CAPACITANCE AMPLIFIER 

— o 




PNSISSWt! 



VinO— 






2NMM 

<PS8> 
HI 
10k 

Hvv-f 



*0UT 



R2 



Fig. 92-8 



Circuit Notes 

This compound series-feedback circuit provides high input impedance and stable, 
wide-band gain for general purpose video amplifier applications. 
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JFET BIPOLAR CASCODE VIDEO AMPLIFIER 



CONTRAST 
St 




TTT'" T T 



Circuit Notes 

The JFET-bipolar cascode circuit will 
provide full video output for the CRT cathode 
drive. Gain is about 90. The cascode configura- 
tioneliminatesMillercapacitance problems 
with the 2N4091 JFET, thus allowing direct 
drive from the video detector. An m-derived 
filter using stray capacitance and a variable 
inductor prevents 4.5 MHz sound frequency 
from being amplified by the video amplifier. 

Fig. 92-9 



VIDEO AMPLIFIER 




-•to 



OQOIuF 



+12Vdt 



Fig. 92-10 



VIDEO AMPLIFIER 



IC = HA2620 




±-— °»0»T 



"A smiM load cipKitirce of it Inst 
30pF {including ^ty cipicitince) is 
retomninided to prevent possible high 
frequency oscillations. 



Fig. 92-11 
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93 



Voltage and 
Current Sources and References 



1 he sources of the following circuits are contained in the Sources section beginning on page 730 . The 
figure number contained in the box of each circuit correlates to the source entry in the Sources section. 



Bilateral Current Source 
V to 20 V Power Reference 
Programmable Voltage Source 
Bilateral Current Source 
Noninverting Bipolar Current Source 
Voltage Reference 

Low Voltage Adjustable Reference Supply 
Voltage Reference 
Low Power Regulator Reference 
High Stability Voltage Reference 
± 3 V Reference 
± 5 V Reference 

Zenerless Precision Millivolt Source 
± 10 V Reference 

Precision Reference Square Wave Voltage 
Reference 



inverting Bipolar Current Source 

Precision Reference Micropower 10 V 
Reference 

Precision Reference Low Noise Buffered 
Reference 

Constant Current Source 

Precision Dual Tracking Voltage Referen- 
ces 

Precision Reference Bipolar Output Refer- 
ence 

Precision Reference V to 20 V Power 
Reference 

Precision Reference Standard Cell Re- 
placement 
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BILATERAL CURRENT SOURCE 




ER. IF R1-FI3 AND R2.H4*IW THEN 

'L * — ~ I, IS INDEPENDENT OF VARIATIONS 
B 1 B 5 IN R. 



Circuit Notes 

The circuit will produce the current re- 
lationship to within 2% using 1% values for Rl 
through R5. This includes variations in Rl from 
100 ohm to 2000 ohm. The use of large resis- 
tors for Rl through R4 minimizes the error due 
to Rl variations. The large resistors are possi- 
ble because of the excellent input bias current 
performance of the OP-08. 

Fig. 93-1 



V TO 20 V POWER REFERENCE 



25V TO 40V- 



6.8V 



JT* 




Fig. 93-2 



PROGRAMMABLE VOLTAGE SOURCE 



< !i 



'' ii 




I. Vfl = V| 
II i t --' [.OwitlkOtim.t ■ 10 W( 



Fig. 93-3 
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BILATERAL CURRENT SOURCE 




"3Viht 
' OUT S RT ITE- 
RS - R4 * R5 
Rl - R2 



Fig. 93-4 



LOW VOLTAGE 
ADJUSTABLE REFERENCE SUPPLY 



R1 V* . SUV M 

J.Sk 




Fig. 93-7 



NONINVERTING 
BIPOLAR CURRENT SOURCE 



VOLTAGE REFERENCE 




O- 



Fig 



93-5 



COMPLIANCE OF ABOVE CfRCUIT (jV|J IS -BV WHEN 
£ *■ -2V AND fit, < l.fik'K NOTE THAT Vq 15 10V 
UNDER THESE CONDITIONS. 



MC1403 




Vn - 2.5 V(l ♦ ^) 



Fig. 93-8 



VOLTAGE REFERENCE 



LOW POWER REGULATOR REFERENCE 




Fig. 93-6 




Fig. 93-9 



Circuit Notes 

This simple reference circuit provides a 
stable voltage reference almost totally free of 
supply voltage hash. Typical power supply re- 
jection exceeds 100 dB. 
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HIGH STABILITY 
VOLTAGE REFERENCE 




Fig. 93-10 



ZENERLESS PRECISION 
MILLIVOLT SOURCE 




Fig. 93-13 



1 



± 3 V REFERENCE 

»T,BV |'1P%| Ot7.IV 



± 10 V REFERENCE 




« w l*> ■ «« 



AJ > • O Vo(-l • -S.W 



s 


*15V 












» 












v iN 


t 


+ 10V 


nEF-ai 


9 




!i*n 






OND 






kmi 






4 






♦ lbV 














■ 10V 






bmi 






, 


- 








-16V 





n-munu Fig. 93.11 



Fig. 93-14 



± 5 V REFERENCE 




PRECISION REFERENCE SQUARE 
WAVE VOLTAGE REFERENCE 





Ilk 




Hi 


IfcF 




+ 








' J II 

• m>mim 






k lunuim 
-"jimujii* 

J tan A 




1 




P 


- 










L 













IT»-1W 

■MIT 
HUME »vt 



Fig. 93-12 



Fig. 93-15 
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INVERTING BIPOLAR 
CURRENT SOURCE (HIGH SPEED) 



E{-2V) 

O 



~VA +-■ 



"5 




! P 



XT 



■MATCHED SO THAT 



E flr 
fl 5 Al 



Pi H 3 



CQM?LIANCE QF ABOVE CIRCUIT <jV|_I IS flV 
WHEN E ZV AND H.L ' !•**'■' MOTE THAT 

VO i* ■ lOv UNCJER ThSSE conditions 



Fig. 93-16 



PRECISION REFERENCE 
MICROPOWER 10 V REFERENCE 



vim- isv 




*Iq220 hA standby current 



Fig. 93-17 



PRECISION REFERENCE LOW NOISE BUFFERED REFERENCE 




Fig. 93-18 



ViW<lWC 10W 



1WC ' 



ov 
■O 



Circuit Notes 



The circuit will provide 3 preset currents 
which will remain constant despite variations 
of ambient temperature or line voltage, ZD1 
produces -a temperature stable reference vol- 
tage which is applied to the noninverting input 
of ICl. 100% feedback is applied from the out- 
put to the inverting input holding the voltage at 



Q2s emitter at the same potential as the nonin- 
verting input. The current flowing into the load 
therefore is defined solely by the resistor 
selected by Si . With the values employed here, 
a preset current of 10 mA, 100 mA or 1 A can be 
selected. Q2 should be mounted on a suitable 
heatsink. 
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CONSTANT CURRENT SOURCE 




*vw— 




Fig. 93-19 



PRECISION DUAL TRACKING VOLTAGE REFERENCES 



R2 
-WV- 



B4 M 
« VW • Vi/V 1 



-w- 



Zl VftEF 




H<J-r^ 



R3 
-AW- 




Fig. 93-20 



PRECISION REFERENCE BIPOLAR OUTPUT REFERENCE 



TEMPER MUflE 
5TMILIZER 



♦-AAAr-*^ 



l« l 

. '1DTURN 



OUTPUT 
ADJUST 




-eutruT .«,«¥ 



Fig. 93,21 
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PRECISION REFERENCE V TO 20 V POWER REFERENCE 



j TEMPERATURE 
5TABILi?CH 



6.15V . 
LMI99 



JT^ 



, » at 




Fig. 93-22 



PRECISION REFERENCE STANDARD CELL REPLACEMENT 



IBVTOZ0V- 
1VMGUUTEP 



TfMKRATURE 
1 STJtULIZCR 



_r 



U1N 







Fig. 93-23 
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Voltage- 
Controlled Oscillators 



1 he sources of the following circuits are contained in the Sources section beginning on page 730. The 
figure number contained in the box of each circuit correlates to the source entry in the Sources section. 

Linear Voltage Controlled Oscillator Simple Voltage Controlled Oscillator 

10 Hz to 10 kHz Voltage Controlled Oscil- Three Decades VCO 

lator Two-Decade High-Frequency VCO 

Precision Voltage Controlled Oscillator Voltage Controlled Oscillator 

Voltage Controlled Oscillator Voltage Controlled Oscillator 
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LINEAR VOLTAGE CONTROLLED OSCILLATOR 



HIGH 
FREQUENCY 

SYMMETRY 



>1NT5aA> M011 
(6.JV) > 4 7k!! > t nn 




1M11 



ICLS03E 

• FUNCTION GENERATOR 3 



sfca.wopf 



nn 



Vv 



»,F 
15V 



3INE-WAVE 
DISTORTION 



1 



LOW 

FREQUENCY 

SYMMETRY 




SINE-WAVE 
OUTPUT 



^ 



Fig. 94-1 



Circuit Notes 

The linearity of input sweep voltage versus output frequency is significantly 
improved by using an op amp. 



10 Hz TO 10 kHz VOLTAGE CONTROLLED OSCILLATOR 



THIMCIrLM 

WAVE 

MlTFVT 




"AdWII *V lyminttwil i#*»ff 

1 Minimum CipKittntt SPfF. 
h Inqumcv S6 h.Hi. 



Fig. 94-2 
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PRECISION VOLTAGE CONTROLLED OSCILLATOR 



"'" FULL SCALE TRIM 



5k1 

O— VV\^ 

+ 16V 



r 



UUTKUT j 

Fir 1 



10n 



rrtn 




OFFSET ADJUST 
10k 




LINEARITY 0.05% 
RESPONSE TIME 10(iwc 
FREQUENCY -t lOkHi 



Fig. 94-3 



Circuit Notes 

RC 4151 precision voltage-to-frequency converter generates a pulse train output 
linearly proportional to the input voltage. 



VOLTAGE CONTROLLED OSCILLATOR 



5.0 V - 14 V 



VCO Input > O 

(Input Rang* 1/3 Vpc 
to V cc l 




Circuit Notes 

The VCO circuit, which has a nonlinear 
transfer characteristic, will operate satisfac- 
torily up to 200 kHz. The VCO input range is 
effective from Vz Vcc to Vcc - 2 V, with the 
highest control voltage producing the lowest 
output frequency. 



Fig. 94-4 
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SIMPLE VOLTAGE CONTROLLED OSCILLATOR 



WAVEFORM AT 
EMITTER OF Q2 




Fig. 94-5 



Circuit Notes 

With the component values shown, the oscillator has a frequency of 8 kHz. When an 
input signal is applied to the base of Ql the current flowing through Ql is varied, thus 
varying the time required to charge CI. Due to the phase inversion in Ql the direction of 
output frequency change is 180 degrees out of phase with the input signal. The output 
may be used to trigger a bistable flip-flop. 

THREE DECADES VCO 



"eO- 



■Wf 



-*V\r- 




«t_l I* — " 



-vw- 



Fig. 94-6 



V c [R8+Ft7> 



. < Vc < 30V, 10 Hz < f < 10 kHz 



[8 Vp|j RS R1IC 
R1, R4 matched. Linearity 0.1% over 2 decades. 
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TWO-DECADE HIGH-FREQUENCY VCO 




V+ = +30VDC 

+250mVDC < V C S +50VDC 

700Hz <1 £ 100kHz 



, OUTPUT z 
A/S, 



Fig. 94-7 



VOLTAGE CONTROLLED OSCILLATOR 






<tO- 



AV2 > 511 




? 



-VA- 



-V+r-f- 




Fig. 94-8 



VOLTAGE CONTROLLED OSCILLATOR 



>M 




V|N-» 

-o- 

4C4V F1 

whara: R2 = 2F)1 

♦ » ampullar input aging* « 0.8V 
4V = DM7414 hysteresis, lyp 1V 

• 5 MHz oparatlon 

• T 2 L ouput 



Fig. 94-9 
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95 

Voltage-to-Frequency 
Converters 



1 he sources of the following circuits are contained in the Sources section beginning on page 730. The 
figure number contained in the box of each circuit correlates to the source entry in the Sources section. 

10 Hz to 10 kHz Voltage/Frequency Con- Voltage-to-Frequency Converter 

verter V/F Conversion, Positive Input Voltage 

Voltage-to-Frequency Converter Ultraprecision V/F Converter 

V/F Conversion, Negative Input Voltage 
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10 Hz TO 10 kHz VOLTAGE/FREQUENCY CONVERTER 




"1 



-ujiitvp 



1. To adjust ( m ( n , set V tN - lOmV and adjust the 50K offset for 10Hz out. 

2. TO adjust fmax' s,t V IN 10v Rrtd adjust R !N or Vpff for lOKHl Out, 

3. To increase f (jyMAX to 100KHI change Cr-ef to ^ 5 P F and C|NT to 75oF 

4. For high performance applications use hioh stability components for Rj^j, Cp^p, Vp^p {metal 

film resistors and glass film capacitors). Also separate the output ground (Pin 91 from the input ground (Pin 6), 



Output Waveforms 



Fig. 95-1 
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VOLTAGE-TO-FREQUENCY CONVERTER 



.".V * B.2V 



— IK- 



-fr- 



I 




-C* 



O 



:^£ 



■=C£ 



«--t— , — i 



Fig. 95-2 



Circuit Notes 

The D169 serves as a level detector and 
provides complementary outputs. The op amp 
is used to integrate the input signal Vm with a 
time constant of R1C1. The input (must be 
negative) causes a positive ramp at the output 
of the integrator which is summed with a nega- 
tive zener voltage. When the ramp is positive 
enough D169 outputs change state and OUT 2 
flips from negative to positive. The output 
pulse repetition rate £, is directly proportioned 
to the negative input voltage Vin. 



VOLTAGE-TO-FREQUENCY CONVERTER 



Jb^zTL 




Fig. 95-3 



GAM ADJUST 
M/ Bl 




V/F CONVERSION, 
POSITIVE INPUT VOLTAGE 



Fig. 95-4 
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ULTRAPRECISION V/F CONVERTER 



in 

-VW- 



■S 

o 



-WV-* 



Hi 
ink* 



p 



12.1k* ' t 



i tMWpr- 




*— OMJTNT 



Fig. 95-5 



«OUT- 



Full-scais tKjlput 10 KHz 



2.09V Rl FtfC T 
* Stable components with low tempco: gee text 
Cj is Teflofi or Polystyrwia 
All dlodtts 1N457, 1N4M, or FD333 (low-|«kase silicon) 



Circuit Notes 

The circuit is capable of better than 0.02% error and 0.003% nonlinearity for a 
±20°C range about room temperature. 



V/F CONVERSION, NEGATIVE INPUT VOLTAGE 




Fig. 95-6 
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96 
Voltmeters 



1 he sources of the following circuits are contained in the Sources section beginning on page 730. The 
figure number contained in the box of each circuit correlates to the source entry in the Sources section. 

3-% Digit DVM, Four Decade, ±0.4 V, ±4 Extended Range VU Meter (Bar Mode) 

V, ±40 V, and ±400 V Full Scale High Input Impedance Millivoltmeter 

Automatic Nulling DVM Wide Band AC Voltmeter 

3-Vfe Digit True RMS AC Voltmeter Suppressed Zero Meter 

3-Vi Digit DVM Common Anode Display Ac Millivoltmeter 

DVM Auto-Calibrate Circuit 4V4 Digit LCD-DVM 

FET Voltmeter Sensitive Low Cost VTVM 
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AUTOMATIC NULLING DVM 




CI IWIpF mica 

CllKfeiF 

C4tOMpF 

ALL KESI&TOR& SB*, 0.12* WATT 
MCTAL FILM UNLIS NOTED 



SHL 



, tAW— ™| 

>s™HE * J_ 

±- J3.16 ll. 1I [ |T3 
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IT" 
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+tavo- 

QNDO 



1MJI 



3" 



Fig. 96-2 
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3-Vz DIGIT TRUE RMS AC VOLTMETER 



IN414S" 

JPO mV * 



™ v La\v> 




Fig. 96-3 



10 M! 

1 w.\ 



-Wi 1 
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-E 
41 

-E 
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Fig. 96-4 
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DVM AUTO-CALIBRATE CIRCUIT 



"IT 




Mi In 
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Fig. 96-5 



FET VOLTMETER 



31* 5V SI 

■«-Wi > 0« Q 




Fig. 96-6 



Circuit Notes 

This FETVM replaces the function of the cuits allowing a 0.5 volt full scale range which 
VTVM while at the same time ridding the in- is impractical with most vacuum tubes. The 
strument of the usual line cord. In addition, low-leakage, low-noise 2N4340 is an ideal de- 
drift rates are far superior to vacuum tube cir- vice for this application. 
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EXTENDED RANGE VU METER (BAR MODE) 
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Fig. 96-7 



HIGH INPUT IMPEDANCE MILLIVOLTMETER 
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Fig. 96-8 
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WIDE BAND AC VOLTMETER 




Circuit Notes 

This voltmeter is capable of measuring ac 
signals as low as 15 mV at frequencies from 100 
Hz to 500 kHz. Full scale sensitivity may be 
changed by altering the values Rl through R6 
(R=Vin/100 Mi- 



Fig. 96-9 



SUPPRESSED ZERO METER 



+ O -- ™^^^\^/" 



METER 
ZENER 




Fig. 96-10 



Circuit Notes 

A zener diode placed in series with a 
voltmeter will prevent the meter from reading 
until the applied voltage exceeds the zener 
voltage. Thus, a 10 volt zener in series with a 
5-volt meter will allow the condition of a 12 V 
car battery to be monitored with much greater 
sensitivity than would be possible with a meter 
reading 0-15 volts. 
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Fig. 96-11 
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4i/j DIGIT LCD-DVM 
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Fig. 96-12 
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Fig. 96-13 
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97 

Waveform and 
Function Generators 



Ihe sources of the following circuits are contained in the Sources section beginning on page 730. The 
figure number contained in the box of each circuit correlates to the source entry in the Sources section. 



Low Cost Adjustable Function Generator 

DAC Controlled Function Generator 

Programmed Function Generator 

100-kHz Quadrature Oscillator 

Strobe -Tone Burst Generator 

Low Cost High Frequency Generator 

Tone-Burst Oscillator and Decoder 

Triangle and Square Waveform Generator 

10 kHz Oscillator 

50 kHz Oscillator 

Variable Audio Oscillator, 20 Hz to 20 kHz 



Gated Oscillator 

Exponential Digitally-Controlled Oscillator 
Function Generator 
Clock Source 

Precision Oscillator with 20 ns Switching 
Oscillator with Quadrature Output 
Wide Range Variable Oscillator 
Frequency Divider and Staircase Generator 
Precision Oscillator to Switch 100 mA 
Loads 
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(A) 



LOW COST ADJUSTABLE FUNCTION GENERATOR 
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Fig. 97-1 



Circuit Notes 

Thislow-costoperational-amplifiercir- in position A, VI is a triangular waveform, 

cuit (A) generates four different functions with while V2 is a square wave (B). With the switch 

adjustable periods. For the components shown in position B, a sawtooth waveform is gener- 

here, the period of the output waveforms is ated at VI and a pulse at V2(C). 
given by T = 4RC and T = 2RC. With switch SI 
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DAC CONTROLLED FUNCTION GENERATOR 
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• DAC controls the frequency of sine, square, and triangle 
outputs 

• ' = 256I20MC ,or v 0MAX-VoMtN of square wave output 
and Rj i3Rj 

• 255 to 1 linear frequency range; oscillator stops with D = 

• Trim symmetry and wave-shape for minimum sine wave 
distortion. 



Fig. 97-2 
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PROGRAMMED FUNCTION GENERATOR 
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Fig. 97-3 



100-kHz QUADRATURE OSCILLATOR 



6 sin wt 
p 



18 pF 



B8.4kfi« 



18 D F 



—}h" 



v cc+ 




88,4 left 
■* W •— * 



v C c- 



1N4148 



18 kn [See Note A) 
■JVW O -15V 



18 pF 

ne- 



: 1 kn 



v co 




_El>^ 



Vcc- < 1 kn 



1N4148 



-VW 0+15 V 

lBkft (See Note A) 
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Note A' Those resisior values may be adjusted for a symmetrical output. 
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Fig. 97-4 
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STROBE-TONE BURST GENERATOR 



>RA >RB 



c: 



ICL0O3* 



10 s 



ZlN*l4 







Circuit Notes 

With a dual supply voltage, the external 
capacitor on pin 10 can be shorted to ground to 
halt the 8038 oscillation. The circuit uses a 
FET switch and diode ANDed with an input 
strobe signal to allow the output to always start 
on the same slope. 



Fig. 97-5 



LOW COST HIGH FREQUENCY GENERATOR 
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Fig. 97-6 
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TONE-BURST OSCILLATOR AND DECODER 



AUDIO IN jM'P . 



COS IN >- 



VC* 



T5I x t io " f 



€h 



*■ r 



TRANSMIT 
*V01TS (9-131 
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Decoder and logic. 



Tone-burst oscillator. 



Fig. 97-7 

Circuit Notes 

A tone burst sent at the beginning of each transmission is decoded (at receiver) by a 
PLL causing output from pin 3 of logic gate to turn on carrier-operated switch (COS). 



TRIANGLE AND SQUARE WAVEFORM GENERATOR 



c 



|y o " W r * 



• tC"" 




/v 



svO-^AN- 



iru 



f=1 MHz 

V2 output i* TTL compatible 

R2 adjusts for symmetry of Ihe triangle waveform 

Frequaney is adjusted with R5 and C 



Fig. 97-8 
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10 kHz OSCILLATOR 



+ I5V 



■6.ekn 



2N4988 



OUTPUT 



O 



|47n 




Circuit Notes 

The capacitor charges until switching vol- 
tage is reached. When SUS switches on, the 
inductor causes current to ring. When the cur- 
rent thru SUS drops below the holding current, 
the device turns off and the cycle repeats. 

Fig. 97-9 



50 kHz OSCILLATOR 



+ V * 10 VOLTS 




Fig. 97-10 



Circuit Notes 

A 50 kHz circuit is possible because of the 
more nearly ideal characteristics of the D5K. 



VARIABLE AUDIO 
OSCILLATOR, 20 Hz TO 20 kHz 



TLA 



FREQUENCY 




Fig. 97-11 



Circuit Notes 



To obtain a 1000:1 Sweep Range, the vol- 
tage across external resistors Ra and Rb must 
decrease to nearly zero. This requires that the 
highest voltage on control pin 8 exceed the 
voltage at the top of Ra and Rb by a few hundred 
millivolts. The circuit achieves this by using a 
diode to lower the effective supply voltage on 
the 8038. The large resistor on pin 5 helps 
reduce duty cycle variations with sweep. 
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GATED OSCILLATOR 
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Fig. 97-12 



EXPONENTIAL DIGITALLY-CONTROLLED OSCILLATOR 
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Fig. 97-13 



The microprocessor-controlled oscillator 
has a 8159 to 1 frequency range covering 2.5 Hz 
to 20 kHz, An exponential, current output IC 
DAC functioning as a programmable current 
source alternately charges and discharges a 



lAl- NORMALIZED DIGITAL INPUT 



Circuit Notes 

capacitor between precisely-controlled upper 
and lower limits. The circuit features instan- 
taneous frequency change, operates with +5 
±1 V and -15 V ±3 V supplies, and has the 
dynamic range of a 13-bit DAC. 
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FUNCTION GENERATOR 
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Fig. 97-14 



c 

0.01 /VF 



IC = HA-2620 



0.22 M F=; 




CLOCK SOURCE 

+SV 



1k! 1 



Circuit Notes 

A clock source using LM311 voltage com- 
parator in positive feedback mode to minimize 
clock frequency shift problem. 



30kll 



390pF 



Fig. 97-15 



PRECISION OSCILLATOR 
WITH 20 NS SWITCHING 




Jin 



R L >1000lt 



Fig. 97-16 



OSCILLATOR WITH 
QUADRATURE OUTPUT 




CONNECT PIN 3 
TO 2M TO 
INVERT OUTWT 



Fig. 97-17 
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WIDE RANGE 
VARIABLE OSCILLATOR 
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Fig. 97-18 
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FREQUENCY DIVIDER 
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Fig. 97-19 
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Fig. 97-20 
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Zero Crossing Detectors 

X he sources of the following circuits are contained in the Sources section beginning on page 730. The 
figure number contained in the box of each circuit correlates to the source entry in the Sources section. 

Zero Crossing Switch Zero Crossing Detector with Temperature 

Zero Crossing Detector Sensor 

Zero Crossing Detector Zero Crossing Detector 

Zero Crossing Detector 
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ZERO CROSSING SWITCH 




r 

i i i o 



Q1 = GENERAL PURPOSE GERMANIUM 
D1.Z-GENERAL PURPOSE SILICON 
SCR1-TO SUIT APPLICATION 



Fig. 98-1 



Circuit Notes 

When switching loads with the aid of a 
thyristor, a large amount of RFI can be gener- 
ated unless some form of zero crossing switch 
is used. The circuit shows a simple single 
transistor zero crossing switch. Rl and R2 act 
as a potential divider. The potential at their 
junction is about 10% of the ac voltage. This 
voltage level is fed, via R3, to the transistor's 
base. If the voltage at this point is above 0.2, 
the transistor will conduct, shunting any thyris- 
tor gate current to ground. When the line po- 
tential is less than about 2 V, it is possible to 
trigger the thyristor. The diode Dl is to re- 
move any negative potential that might cause 
reverse breakdown. 



ZERO CROSSING DETECTOR 



FMN 100pF 

Mr- 1 

liATK^ _ xio pP 
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i>| — He T 




, I II l t 1 HpF 



Fig. 98-2 



Total Delay = 30 ns 

Input frequency = 300 Hz to 3 MHz 

Minimum input voltage ■ 20 mVpK-pk 
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ZERO CROSSING DETECTOR 



'supply " 10 *< A 
+5 VO— *■ 



Zf.RO DETECT INPUT 




Circuit Notes 

This detector is useful in sine wave 
squaring circuits and A/D converters. The 
positive input may either be grounded or con- 
output ne ^ted to a nulling voltage which cancels input 
offsets and enables accuracy to within micro- 
volts of ground. The CMOS output will switch 
to within a few millivolts of either rail for an 
input voltage change of less than 200 fxV. 



Fig. 98-3 



ZERO CROSSING DETECTOR WITH TEMPERATURE SENSOR 
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Fig. 98-4 



ZERO-CROSSING DETECTOR 
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Fig. 98-5 



ZERO CROSSING DETECTOR 
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For V = ±3 V 

Pq - 30 ftVt 
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Sources 



Chapter 1 

Tig. 1-1: The Build-It Book Of Elec- 
tronics Projects, TAB Book No. 1498, 
p. 73. 

Fig. 1-2: QST, 7/81, p. 28. 
Fig. 1-3: Radio Electronics, 10/78, p. 
41. 

Fig. 1-4: '73 Magazine, 10/77, p. 122. 
Fig, 1-5: Modern Electronics, 2/78, p. 
50. 

Fig. 1-6: Electronics Today Interna- 
tional, 3/82, p. 69. 

Fig. 1-7: Modern Electronics, 7/78, p. 
51. 

Fig. 1-8: Electronics Today Interna- 
tional, 4/83, p. 72. 

Fig. 1-9: 101 Electronic Projects, 
1977, #64. 

Fig. 1-10: Electronics Today Interna- 
tional, 10/78, p. 94. 
Fig. 1-11: Modern Electronics, 2/78, p. 
55. 

Fig. 1 -12: Modern Electronics, 2/78, p. 
48. 

Fig. 1-13: Signetics555 Timers, 1973, 
p. 26. 

Fig. 1-14: Electronics Today Interna- 
tional, 3/83, p. 23. 

Fig. 1-15: Electronics Today Interna- 
tional, 3/83, p. 23. 

Fig. 1-16: National Semiconductor, 
Linear Databook, 1982, p. 3-288. 
Fig. 1-17: Electronics Today Interna- 
tional, 3/83, p. 23. 

Fig. 1-18: Signetics 555 Timers, 1973, 
p. 22. 

Fig. 1-19: 101 Electronic Projects, 
1977, #65. 

Fig. 1-20: Modem Electronics, 6/78, p. 
58. 

Fig. 1 -21 : Modern Electronics, 6/78, p. 
55. 

Chapter 2 
Fig. 2-1 : Modem Electronics, 3/78, p. 
69. 



Fig. 2-2: Electronics Today Interna- 
tional, 10/78, p., 30. 
Fig. 2-3: CQ, 5/77, p. 50. 
Fig. 2-4: Ham Radio, 10/78, p. 34. 
Fig. 2-5: Ham Radio, 10/78, p. 89. 
Fig. 2-6:73 Magazine, 7/78, p. 62. 
Fig. 2-7: 101 Electronic Projects, 1975, 
p. 22. 

Fig. 2-8: 73 Magazine, 7/82, p. 46. 
Fig. 2-9: 73 Magazine, 7/83, p. 103. 
Fig. 2-10: 101 Electronic Projects, 
1975, p. 13. 

Fig. 2-11: Ham Radio, 5/78, p. 87. 
Fig. 2-12: 73 Magazine, p. 164. 
Fig. 2-13: Modern Electronics, 2178, p. 
16. 

Fig. 2-14: 73 Magazine, 10/77, p. 52. 
Fig. 2-15: 73 Magazine, 7/77, p. 34. 
Fig. 2-16: 104 Weekend Electronics 
Projects, TAB Book No. 1436, p. 120. 
Fig. 2-17: Ham Radio, 10/70, p. 76. 
Fig. 2-18: Electronics Today Interna- 
tional, 7/77, p. 72. 

Chapter 3 

Fig. 3-1: Courtesy ofFairckild Camera 
& Instrument Corporation. Linear 
Databook, 1982, p. 4-119. 
Fig. 3-2: Signetics Analog Data Man- 
ual, 1982, p. 3-83. 

Fig. 3-3: Tetedyne Semiconductor, 
Data & Design Manual, 1981, p. 11- 
207. 

Fig. 3-4, Signetics Analog Data Man- 
ual, 1983, p. 10-99. 
Fig. 3-5: Reprinted with the permission 
of National Semiconductor Corp. Data 
Conversion/ A cquisition Databook, 
1980,J. 3-107. 

Fig. 3-6: Reprinted with the permission 
of National Semiconductor Corp. 
Transistor Databook, 1982, p. 11-29. 
Fig. 3-7: Reprinted with the permission 
of National Semiconductor Corp. 
Audio/Radio Handbook, 1980, p. 2-67. 
Fig. 3-8: Reprinted with the permission 



of National Semiconductor Corp. Hy- 
brid Products Databook, 1982, p. 7-7. 
Fig. 3-9: Electronics Today Interna- 
tional, 2/82, p. 58. 

Fig. 3-10. Signetics Analog Data Man- 
ual, 1983, p. 10-100. 
Fig. 3-1 1 ; Precision Monolithics Incor- 
porated 1981 Full Line Catalog, p. 
12-50. 

Fig. 3-12: Courtesy ofFairchitd Cam- 
era & Instrument Corporation. Linear 
Databook, 1982, p. 9-17. 
Fig. 3-13: Signetics Analog Data Man- 
ual, 1977, p. 35. 

Fig. 3-14: Courtesy of Fairchild Cam- 
era & Instrument. Corporation. Linear 
Databook, 1982, p. 5-39. 
Fig. 3-15: Precision Monolithics Incor- 
porated, 1981 Full Line Catalog, p. 
6-10. 

Fig. 3-16: Courtesy of Motorola Inc. 
Motorola Semiconductor Library, Vol- 
ume 6, Series B, p. 8-21. 
Fig. 3-17: Signetics Analog Data Man- 
ual, 1983, p. 17-17. 
Fig. 3-18: Intersil Data Book, 5/83, p. 
5-36. 

Fig. 3-19: Courtesy of Motorola Inc. 
Linear Integrated Circuits, 1979, p. 
3-17. 

Fig, 3-20: Reprinted with the permis- 
sion of National Semiconductor Corp. 
Hybrid Products Databook, 1982, p. 
1-83. 

Fig. 3-21: Precision Monolithics Incor- 
porated, 1981 Full Line Catalog, p. 
16-160. 

Fig, 3-22: Signetics Analog Data Man- 
ual, 1982, p. 3-103. 
Fig. 3-23: Precision Monolithics Incor- 
porated, 1981 Full Line Catalog, p. 
6-127. 

Fig. 3-24: Courtesy of Motorola Inc., 
Linear Integrated Circuits, 1979, p. 
3-83. 
Fig. 3-25: Courtesy of Motorola Inc. 
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Linear Integrated Circuits, 1979, p. 
3-131. 

Fig. 3-26: Harris Semiconductor, 
Analog Data Book 1984. 
Fig. 3-27: Intersil Data Book, 5/83, p. 
-5-36. 

Fig. 3-28: Precision Monolithics Incor- 
porated, 1981 Full Line Catalog, p. 
16-37. 

Fig. 3-29: Courtesy of Motorola Inc. 
Linear Integrated Circuits, 1979, p. 
3-31. 

Fig. 3-30: Siliconix Analog Switch & 
IC Product Data Book, 1/82, p. 6-21. 
Fig. 3-31 : Siliconix Analog Switch & 
IC Product Data Book, 1/82, p. 6-15. 
Fig. 3-32: Precision Monolithics Incor- 
porated, 1981 Full Line Catalog, p. 
16-37. 

Fig. 3-33: Siliconix Analog Switch &. 
IC Product Data Book, 1/82, p. 7-56. 
Fig. 3-34: Reprinted with permission of 
Analog Devices, Inc. Data Acquisition 
Databook, 1982, p. 4-119. 
Fig. 3-35: Courtesy of Fairckild Cam- 
era & Instrument Corporation. Linear 
Databook, 1982, p. 442. 
Fig. 3-36: Courtesy of Motorola Inc., 
Linear Integrated Circuits, p. 3-1 7. 
Fig. 3-37: Courtesy of Motorola Inc. 
Linear Integrated Circuits, 1979, p. 
6-23. 

Fig. 3-38: Courtesy of Texas Instru- 
ments Incorporated, Linear Control 
Circuits Data Book, Second Edition, p. 
145. 

Fig. 3-39: Courtesy of Motorola Inc. 
Linear Integrated Circuits, 1979, p. 
3-83. 

Fig. 3-40: Courtesy of Fairchild Cam- 
era & Instrument Corporation. Linear 
Databook, 1982, p. 4-41. 
Fig. 3-41: Canadian Projects Number 
I, Spring/78, p. 29. 
Fig. 3-42: Reprinted with the. permis- 
sion of National Semiconductor Corp. 
Application Note AN125, p. 2. 
Fig. 3-43: Harris Semiconductor, 
Linear & Data Acquisition Products, p. 
2-58. 

Fig. 3-44: Reprinted with permission of 
Analog Devices, Inc. Data Acquisition 
Databook 1982, p. 4-98. 
Fig, 3-45: Reprinted with the permis- 
sion of National Semiconductor Corp. 
Application Note AN125, p. 3. 

Chapter 4 

Fig. 4-1: Courtesy of Fairchild Camera 
& Instrument Corporation. Linear 
Databook, 1982, p. 7-8. 
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Fig. 4-2: Intersil Data Book, 5/83, p. 
4-83. 

Fig. 4-3: Ferranti, Technical Hand- 
book Vol. 10, Data Converters, 1983, p. 
7-10. 

Fig. 4-4: Precision Monolithics Incor- 
porated, 1981 Full Line Catalog, p. 
16-12. 

Fig. 4-5: Reprinted with permission of 
Analog Devices, Inc. Data Acquisition 
Databook, 1982, p. 10-241. 
Fig. 4-6: Precision Monolithics Incor- 
porated, 1981 Full Line Catalog, p. 
8-13. 

Fig. 4-7: Reprinted with the permission 
of National Semiconductor Corp. Na- 
tional Semiconductor CMOS Data- 
book. 1981. p. 3-63. 
Fig. 4-8: Reprinted with permission of 
Analog Devices, Inc. Data Acquisition 
Databook, 1982, p. 10-240. 
Fig. 4-9: Teledyne Semiconductor, 
Data & Design Manual, 1.981, p. 7-39. 
Fig, 4-10: Reprinted with permission of 
Analog Devices, Inc. Data Acquisition 
Databook, 1982, p. 10-50. 
Fig. 4-11: Courtesy of Fairchild Cam- 
era & Instrument Corporation. Linear 
Databook, 1982, p. 5-32. 
Fig. 4-12: Precision Monolithics Incor- 
porated 1981 Full Line Catalog, p. 
8-13. 

Chapter 5 

Fig. 5-1: Reprinted with the permission 
of National Semiconductor Corp. Data 
Conversion/ Acquisition Databook, 
1980, p. 3-22. 

Fig. 5-2: Reprinted with the permission 
of National Semiconductor Corp. 
Transistor Databook, 1982, p. 11-29. 
Fig. 5-3: Reprinted with the permission 
of National Semiconductor Corp. Data 
Conversion/Acquisition Databook, 
1980, p. 8-64. 

Fig. 5-4: Precision Monolithics Incor- 
porated, 1981 Full Line Catalog, p. 
12-39. 

Chapter 6 

Fig. 6-1: Electronics Today Interna- 
tional, 3/82, p. 66. 

Fig. 6-2: 101 Electronic Projects, 1977, 
IC 23. 

Fig. 6-3: Reprinted with the permission 
of National Semiconductor Corp. 
Audio/Radio Handbook, 1980, p. 2-66. 
Fig. 6-4: Electronics Today Interna- 
tional, 10/79, p. 93. 
Fig. 6-5: No reference. 
Fig. 6-6: No reference. 



Fig. 6-7: Electronics Today Interna- 
tional, 3/75, p. 66. 

Fig. 6^8: Electronics Today Interna- 
tional, 3/78, p. 52. 

Fig. 6-9: Electronics Today Interna- 
tional, 5/78, p. 85. 

Fig. 6-10: Modern Electronics, 7/78, p. 
58. 

Chapter 7 

Fig. 7-1: Courtesy of Fairchild Camera 
& Instrument Corporation. Fairchild 
Semiconductor Application Note 300. 
Fig. 7-2: Ham Radio, 1/78, p. 78. 
Fig. 7-3: Courtesy of Motorola Inc. 
Linear Integrated Circuits, 1979, p. 
6-23. 

Fig. 7-4: 73 Magazine, 12/76, p. 97, 
Fig. 7-5: 73 Magazine, 7/77, p. 34. 
Fig. 7-6: Reprinted with the permission 
of National Semiconductor Corp. 
Linear Applications Handbook, 1982, 
p. AN29-9. 

Fig. 7-7: Reprinted with the permission 
of National Semiconductor Corp. 
Linear Applications Handbook, 1982, 
P. LB 16-1. 

Fig. 7-8: Reprinted with the permission 
of National Semiconductor Corp. 
Transistor Databook, 1982, p. 11-31. 
Fig. 7-9: Reprinted with the permission 
of National Semiconductor Corp. 
Linear Databook, 1982, p. 10-25. 
Fig. 7-10: How to Design/Build Re- 
mote Control Devices TAB Book No. 
1277, p. 230. 

Fig. 7-11: Radio Electronics, 7/83, p. 
7. 

Fig. 7-12: Electronics Today Interna- 
tional, Summer 1982, p. 45. 
Fig. 7-13: 73 Magazine, p. 31. 
Fig. 7-14: Reprinted from Electronics, 
11/83. Copyright 1983, McGraw Hill 
Inc. All rights reserved. 
Fig. 7-15: Electronics Today Interna- 
tional, 7/72, p. 84. 

Fig. 7-16: Courtesy of Motorola Inc. 
Linear Integrated Circuits, 1979, p. 
3-42. 

Fig. 7-17: Reprinted with the permis- 
sion of National Semiconductor Corp. 
Linear Databook, 1982, p. 3-171. 

Chapter 8 

Fig: 8-1 : Courtesy of Fairchild Camera 

& Instrument Corporation, Fairchild 

Progress, 11-12/76, p. 26. 

Fig. 8-2: Courtesy of Fairchild Camera 

& Instrument Corporation. Fairchild 

Progress, 5-6/77, p. 22. 

Fig. 8-3: Reprinted with the permission 



731 



The Real Muslims Portal 



of National Semiconductor Corp. 
Audio/Radio Handbook, 1980, p. 4-44. 
Fig. 8-4: Reprinted with the permission 
of National Semiconductor Corp. 
Audio/RadioHandbook, 1980, p. 4-14. 
Fig. 8-5: Reprinted with the permission 
of National Semiconductor Corp. 
Audio/RadioHandbook, 1980, p. 4-14. 
Fig. 8-6: Reprinted with the permission 
of National Semiconductor Corp. 
Transistor Databook, 1982, p. 7-23. 
Fig. 8-7: Reprinted with the permission 
of National Semiconductor Corp. 
Audio/RadioHandbook, 1980, p. 4-51. 
Application Note AN 125, p. 7. 
Fig. 8-8: Reprinted with the permission 
of National Semiconductor Corp. 
Audio/RadioHandbook, 1980, p. 4-51. 
Application Note AN 125, p. 6. 
Fig. 8-9: Reprinted with the permission 
of National Semiconductor Corp. 
Linear Databook, 1982, p. 10-171. 
Fig. 8-10: Reprinted with the permis- 
sion of National Semiconductor Corp. 
Linear Databook, 1982, p. 10-63. 
Fig. 8-11: No reference. 
Fig, 8-12: Electronics Today Interna- 
tional, 3/78, p. 81. 

Fig. 8-13: Courtesy of Motorola Inc. 
Motorola Semiconductor Library, Vol- 
ume 6, Series B, p. 8-21. 
Fig. 8-14: Courtesy of Motorola Inc. 
Motorola Semiconductor Library, Vol- 
ume 6, Series B, p. 8-21. 
Fig. 8-15: Courtesy of Motorola Inc. 
Motorola Semiconductor Library, Vol- 
ume 6, Series B, p. 8-21. 
Fig. 8-16: Reprinted with the permis- 
sion of National Semiconductor Corp. 
NationaiSemiconductor Application 
Note AN125, p. 7. 

Fig. 8-17: Reprinted with the permis- 
sion of National Semiconductor Corp. 
Application Note AN69, p. 4. 
Fig. 8-18: Reprinted with the permis- 
sion of National Semiconductor Corp. 
Linear Databook, 1982, p. 10-25. 
Fig. 8-19: Courtesy of Motorola Inc. 
Linear Integrated Circuits, 1979, p. 
5-17. 

Fig. 8-20: Reprinted with the permis- 
sion of National Semiconductor Corp. 
Linear Databook, 1982, p. 10-170. 
Fig. 8-21: Reprinted with the permis- 
sion of National Semiconductor Corp. 
Hybrid Products Databook, 1982, p. 
17-170. 

Fig. 8-22: Reprinted with permission of 
National Semiconductor, Corp. Appli- 
cation Note AN69, p. 4. 
Fig. 8-23: Courtesy of Fairchild Cam- 



RMPInternational.TK 



era & Instrument Corporation. Linear 
Databook, 1982, p. 4-89. 
Fig. 8-24: Reprinted with permission of 
National Semiconductor Corp, Linear 
Databook, 1982, p. 10-203. 

Chapter 9 

Fig. 9-1: Canadian Projects N umber 1, 
Spring/78, p. 27. 
Fig. 9-2: No reference. 
Fig. 9-3: Electronics Today Interna- 
tional, 4/79, p. 18. 

Fig. 9-4: Reprinted with permission of 
National Semiconductor Corp. Linear 
Databook, 1982, p. 3-389. 
Fig. 9-5: Reprinted with the permission 
of National Semiconductor Corp. Tran- 
sistor Databook, 1982. p. 11-29. 
Fig. 9-6: Reprinted with permission of 
National Semiconductor Corp. Data 
Conversion/Acquisition Databook, 
1980, p. 3-91. 

Fig. 9-7: Reprinted with permision of 
National Semiconductor Corp. Au- 
dio/Radio Handbook, 1980, p. 2-45. 
Fig. 9-8: Reprinted with permission of 
National Semiconductor Corp, Au- 
dio/Radio Handbook, 1980, p. 2-43. 
Fig. 9-9: Reprinted with permission of 
National Semiconductor Corp. Trans- 
istor Databook, 1982, p. 11-28. 
Fig. 9-10: Signetics Analog Data Man- 
ual, 1982, p. 4-8. 

Fig, 9-11: Signetics Analog Data Man- 
ual, 1982, p. 15-6. 

Fig. 9-12: Signetics Analog Data Man- 
ual, 1977, p. 466. 

Fig. 9-13: Reprinted with permission of 
National Semiconductor Corp. Au- 
dio/Radio Handbook, 1980, p. 2-27. 
Fig. 9-14: Reprinted with permission of 
National Semiconductor Corp. 
Audio/RadioHandbook, 1980, p. 2-32. 
Fig. 9-15: Signetics Analog Data Man- 
ual, 1982, p. 15-6. 

Fig. 9-16: Signetics Analog Data Man- 
ual, 1977, p. 466. 

Fig. 9-1 7: Reprinted with permission of 
National Semiconductor Corp. Data 
Conversion/ Acquisition Databook, 
1980, p. 3-88. 

Fig. 9-18: Reprinted with permission of 
National Semiconductor Corp. Au- 
dio/Radio Handbook, 1980, p. 2-20. 
Fig. 9-19: Reprinted with permission of 
National Semiconductor Corp. Au- 
dio/Radio Handbook, 1980. p. 2-21. 
Fig. 9-20: Signetics Analog Data Man- 
ual, 1977, p. 466. 

Fig. 9-21: Signetics Analog Data Man- 
ual, 1983, p. 10-92. 



Fig. 9-22: Signetics Analog Data Man- 
ual, 1982, p. 15-6. 

Chapter 10 
Fig. 10-1: Reprinted with the permis 
sion of National Semiconductor Corp. 
Linear Applications Handbook, 1982, 
p. AN 162- 10. 

Fig. 10-2: Electronics Today Interna- 
tional, 6/79, p. 75. 

Fig. 10-3: Signetics 555 Timers, 1973, 
p. 24. 

Fig. 10-4: Electronics Today Interna- 
tional, 12/75, p. 72. 
Fig. 10-5: Electronics Today Interna- 
tional, 2/75, p. 51. 
Fig. 10-6: Electronics Today Interna 
tional, 7/81, p. 22. 
Fig. 10-7: Electronics Today Interna 
tional, 7/77, p. 32. 
Fig. 10-8: Reprinted with the permis 
sion of National Semiconductor Corp. 
Linear Applications Handbook, 1982, 
p. LB33-1. 

Fig. 10-9: Reprinted with the permis 
sion of National Semiconductor Corp. 
Linear Databook, 1982, p. 9-141. 
Fig. 10-10: Courtesy of Motorola Inc. 
Linear Integrated Circuits, 1979, p. 
3-138. 

Fig. 10-11: Reprinted with the permis- 
sion of National Semiconductor Corp. 
Transistor Databook, 1982, p. 7-31. 
Fig. 10-12: 73 Magazine, 7/77, p. 34. 
Fig. 10-13: Modern Electronics, 2/78, 
p. 56. 

Fig. 10-14: Reprinted with the permis- 
sion of National Semiconductor Corp. 
Linear Databook, 1982, p. 9-140. 
Fig. 10-15: The Build-It Book Of 
Electronic Projects, TAB Book No. 
1498, p. 80. 

Fig. 10-16: 73 Magazine, 1/82, p. 41. 
Fig. 10-1 7: Electronics Today Interna- 
tional, 10/77, p. 47. 
Fig. 10-18: Modern Electronics, 9/78, 
p. 37. 

Fig. 10-19: Electronics Today Interna- 
tional, 10/77, p. 38. 
Fig. 10-20: The Build-It Book Of 
Electronic Projects, TAB -Book No. 
1498, p. 111. 
Fig. 10-21: Modern Electronics, 5/78, 

Fig. 10-22: Reprinted with the permis- 
sion of National Semiconductor Corp. 
Linear Databook, 1982, p. 9-143. 
Fig. 10-23: Reprinted with the permis- 
sion from General Electric Semicon- 
ductor Department. General Electric 
SCR Manual, Sixth Edition, 1979, p. 
207. 



732 



The Real Muslims Portal 



RMPInternational.TK 



Fig. 10-24: No reference. 
Chapter 11 

Fig. 11-1: Reprinted with tiie permis- 
sion of National Semiconductor Corp. 
Voltage Regulator Handbook, p. 7-32. 
Fig. 11-2: 101 Electronics Projects, 
1977, p. 97. 

Fig. 11-3: Courtesy of Motorola Inc. 
Application Note AN-294, p. 6. 
Fig. 11-4: 73 Magazine, 2/79, p. 156. 
Fig. 11-5: 73 Magazine, 7/77. 
Fig. 11-6: Ham Radio, 12/79, p. 67. 
Fig. 11-7: 73 Magazine, 2/83, p. 99. 
Fig. 11-8: 44 Electronics Projects For 
SWLS, CBers & Radio Experimenters, 
TAB Book No. 1258, p. 153. 
Fig. 11-9: Yuasa Battery (America) 
Inc. Application Manual for NP type 
battery. 

Fig. 11-10: Electronics Today Interna- 
tional, 11/80. 

Fig. 11-11: 73 Magazine, 7/77. 
Fig. 11-12: Reprinted with permission 
from General Electric Semiconductor 
Department. General Electric SCR 
Manual, Sixth Edition, 1979, p. 203. 
Fig. 11-14: Reprinted with the permis- 
sion of National Semiconductor Corp. 
Linear Databook, 1982, p. 9-31. 
Fig. 11-15: Reprinted with the permis- 
sion of National Semiconductor Corp. 
Voltage Regulator Handbook, p. 10- 
141. 

Chapter 12 
Fig. 12-1: NASA Tech Brief. B73- 
10249. 

Fig. 12 -2 -.Electronics Today Interna- 
tional, 1/75, p. 66. 

Fig. 12-3: Electronics Australia, 2/76, 
p. 91. 

Fig. 12-4: 73 Magazine, 2/79, p. 78. 
Fig. 12-5: Electronics Today Interna- 
tional, 6/79. p. 103. 
Fig. 12-6: Ham Radio, 9/82, p. 78. 
Fig. 12-7: Courtesy of Texas Instru- 
ments Incorporated. Optoelectronics 
Databook, 1983-84, p. 15-5. 
Fig. 12-8: 73 Magazine, 2/79, p. 78. 
Fig. 12-9: ©Siliconix incorporated. 
Siliconix Analog Switch & IC Product 
Data Book, 1/82, p. 6-19. 
Fig. 12-10: Reprinted with the permis- 
sion of National Semiconductor Corp. 
Linear Databook, 1982, p. 3-109. 
Fig. 12-11: Reprinted with the permis- 
sion of National Semiconductor Corp. 
Linear Databook, 1982, p. 3-109. 

Chapter 13 

Fig. 13-1: Intersil Data Book, 5/83, p. 
5-238. 



Fig. 13-2: Reprinted with the permis- 
sion of National Semiconductor Corp. 
Hybrid Products Databook, 1982, p. 
17-131. 

Fig. 13-3: Precision Monolithics Incor- 
porated, 1981 Full Line "Catalog, p. 
16-160. 

Fig. 13-4: Precision Monolithics Incor- 
porated, 1981 Full Line Catalog, p. 
7-17. 

Fig. 13-5: Reprinted with the permis- 
sion of National Semiconductor Corp. 
Transistor Databook, 1982, p. 11-31. 
Fig. 13-6: Precision Monolithics Incor- 
porated, 1981 Full Line Catalog, p. 
16-159. 

Fig. 13-7: Reprinted with the permis- 
sion of National Semiconductor Corp. 
Linear Databook, 1982, p. 3-324. 
Fig. 13-8: Reprinted with the permis- 
sion of National Semiconductor Corp. 
Linear Databook, 1982, p. 3-324. 
Fig. 13-9: Precision Monolithics Incor- 
porated, 1981 Full Line Catalog, p. 
6-35. 

Fig. 13-10: Precision Monolithics In- 
corporated, 1981 Full Line Catalog, p. 
7-11. 

Chapter 14 

Fig. 14-1: Radio - Electronics, 1/67. 
Fig. 14-2: Modern Electronics, 2/78, p. 
17. 

Fig. 14-3: Electronics Today Interna- 
tional, 5/75, p. 68. 

Fig. 14-4: Electronics Today Interna- 
tional, 4/78, p. 81. 

Fig. 14-5: Modern Electronics, 6/78, p. 
14. 

Fig. 14-6: Reprinted with permission 
from General Electric Semiconductor 
Department. General Electric, 2/68. 
Fig. 14-7: Electronics Today Interna- 
tional, 6/74, p. 67, 

Fig. 14-8: Modern Electronics, 2/78, p. 
16. 

Fig. 14-9:© Siliconix incorporated. 
T100/T300 Applications. 
Fig. 14-10: Reprinted witk_permission 
from General Electric Semiconductor 
Department. General Electric SCR 
Manual, Sixth Edition, 1979, p. 224. 
Fig. 14-11: Reprinted with the permis- 
sion of National Semiconductor Corp. 
Linear Databook, 1982, p. 9-143. 
Fig. 14-12: Electronics Today Interna- 
tional, 6/82, p. 69. 

Fig. 14-13: ©Siliconix incorporated. 
Siliconix Application Note AN 154. 
Fig. 14-14: Wireless World, 5/78, p. 
69. 



Fig. 14-15: Reprinted with permission 
from General Electric Semiconductor 
Department. General Electric, 2/68. 

Chapter 15 

Fig. 15-1. Reprinted with the permis- 
sion of National Semiconductor Corp. 
Linear Applications Handbook, 1982, 
p. AN146-1. 

Fig. 15-2: Reprinted with the permis- 
sion of National Semiconductor Corp. 
Linear Databook, 1982, p. 9-112. 
Fig. 15-3: SupertexData Book, 1983, 
p. 5-23. 

Fig. 15-4: Supertex Data Book, 1983, 
p. 5-22. 

Fig. 15-5: How To Design/Build Re- 
mote Control Devices, TAB Book No. 
1277, p. 287. 

Fig. 15-6: How To Design/Build Re- 
mote. Control Devices, TAB Book No. 
1277, p. 289. 

Fig. 15-7: How To Design/Build Re- 
mote Control Devices, TAB Book No. 
1277, p. 290. 

Fig. 15-8: How To Design/Build Re- 
mote Control Devices, TAB Book No. 
1277, p. 291. 

Fig. 15-9: Signetics Analog Data Man- 
ual, 1982, p. 16-28. 

Chapter 16 

Fig. 16-1: Reprinted from Electronics, 
6/78, p. 150. Copyright 1978, McGraw 
Hill Inc. All rights reserved. 
Fig. 16-2: Reprinted from Electronics, 
5/73, p. 96. Copyright 1973, McGraw 
Hill Inc. All rights reserved. 
Fig. 16-3: 303 Dynamic Electronic Cir- 
cuits, TAB Book No. 1060, p. 290. 
Fig. 16-4: 73 Magazine, 2/79, p. 79. 
Fig. 16-5: Wireless World, 12/74, p. 
504. 

Fig. 16-6: Courtesy of Motorola Inc. 
Linear Integrated Circuits, 1979, p. 
6-123. 

Fig. 16-7: Electronics Today Interna- 
tional, 3/78, p. 51. 

Fig. 16-8: Reprinted with the permis- 
sion of National Semiconductor Corp. 
Linear Databook, 1982, p. 10-215. 
Fig. 16-9: Courtesy of Motorola Inc. 
Linear Integrated Circuits, 1979, p. 
6-17. 

Fig. 16-10: Courtesy of Motorola Inc. 
Linear Interface Integrated Circuits 
1979, p. 7-8. 

Fig. 16-11: Courtesy of Motorola 1 nc 
Linear Interface Circuits, 1979, p. 7-8. 
Fig. 16-12: Courtesy of Motorola Inc. 
Linear Integrated Circuits, 1979, p. 
6-123. 



733 



The Real Muslims Portal 



RMPInternational.TK 



Fig. 16-13: Siliconix Application Note 
AN73-6, p. 5. 

Fig. 16-14: Precision Monolithics In- 
corporated, 1981 Full Line Catalog, p. 
8-31. 

Fig. 16-15: Precision Monolithics In- 
corporated 1981 Fall Line Catalog, p. 
8-31. 

Fig. 16-16: Teledyne Semiconductor, 
Databook, p. 9. 

Fig. 16-17: ©Siliconix incorporated. 
Siliconix Analog Switch & IC Product 
Data Book, 1/82, p. 6-4. 
Fig. 16-18: Signetics Analog Data 
Manual, 1982, p. 8-14. 
Fig. 16-19: Precision Monolithics In- 
corporated 1981 Full Line Catalog, p. 
8-12. 

Fig. 16-20: Signetics Analog Data 
Manual, 1982, p. 3-38. 
Fig. 16-21: Harris Semiconductor, 
Linear & Data Acquisition Products, p. 
2A6. 

Fig, 16-22: Harris Semiconductor Ap- 
plication Note 509. 

Chapter"17 
Fig. 17-1: Reprinted with the permis- 
sion of National Semiconductor Corp. 
Linear Applications Handbook, 1982, 
p. AN240-5. 

Fig. 17-2: Electronics Today Interna- 
tional, 10/77, p. 45. 
Fig. 17-3: ©Siliconix incorporated. 
Siliconix Analog Switch & IC Product 
Data Book, 1/82, p. 7-29. 
Fig. 1 7-4: Reprinted with the permis- 
sion of National Semiconductor Corp. 
National Semiconductor CMOS 
Databook, 1981, p. 3-61. 
Fig. 17-5: Precision Monolithics Incor- 
porated 1981 Full Line Catalog, p. 16- 
142. 

Fig. 17-6: ™ Siliconix incorporated. 
Siliconix Analog Switch & 1C_ Product 
Data Book, 1/82, p. 7-29. 
Fig. 17-7: Electronics Today Interna- 
tional, 10/77, p. 39 
Fig. 1 7-8: Reprinted with the permis- 
sion of National Semiconductor Corp. 
Audio/ Radio Handbook, 1980, p. 4-28. 
Fig. 17-9: ©Siliconix Incorporated. 
T100/T300 Applications. 
Fig. 17-10: Reprinted with the permis- 
sion of National Semiconductor Corp. 
Linear Applications Handbook, 1982, 
p. AN240-2. 

Fig. 17-11: ©Siliconix incorporated. 
Siliconix Analog Switch & IC Product 
Data Book, 1/82, p. 7-30. 
Fig. 17-12: Signetics Analog Data 
Manual, 1982, p. 3-71. 



Fig. 17-13: Signetics Analog Data 
Manual, 1982, p. 6-20. 
Fig. 17-14: Signetics Analog Data 
Manual, 1983, p. 10-99. 
Fig. 1 7-15: Reprinted with permission 
of Analog Devices, Inc. Data Acquisi- 
tion Databook, 1982, p. 6-27. 
Fig. 1 7-16: Reprinted with the permis- 
sion of National Semiconductor Corp. 
Linear Databook, 1982, p. 8-258. 
Fig. 1 7-1 7: Reprinted with the permis- 
sion of National Semiconductor Corp. 
Linear Databook, 1982, p. 3-50. 
Fig. 1 7-18: Reprinted with the permis- 
sion of National Semiconductor Corp. 
Linear Databook, 1982, p. 8-258. 
Fig, 17-19: ©Siliconix incorporated. 
Siliconix Analog Switch & IC Product 
Data Book, 1/82, p. 7-31. 
Fig. 1 7-20: Signetics Analog Data 
Manual, 1982, p. 3-15. 
Fig. 17-21: RCA Corporation, Solid 
Stale Division, Digital Integrated Cir- 
cuits Application Note IC AN -6346, p. 
4. 

Fig. 17-22: ©Siliconix incorporated. 
MOSPOWER Design Catalog, 1/83, 
p. 6-42. 

Fig. 17-23: Signetics Analog Data 
Manual, 1982, p. 8-14. 
Fig. 1 7-24: Reprinted with permission 
of Analog Devices, Inc. Data Acquisi- 
tion Databook, 1982, p. 4-56. 

Chapter 18 

Fig. 18-1: Reprinted with the permis- 
sion of National Semiconductor Corp. 
Audio/Radio Handbook, 1980, p. 5-4. 
Fig. 18-2: Reprinted with the permis- 
sion of National Semiconductor Corp. 
Audio/Radio Handbook, 1980, p. 5-5. 
Fig. 18-3: Reprinted with the permis- 
sion of National Semiconductor Corp. 
Audio/Radio Handbook, 1980, p. 5-4. 

Chapter 19 

Fig. 19-1: Courtesy of Motorola Inc. 
Application Note AN -41 7B, p. 5. 
Fig. 19-2: Courtesy of Motorola Inc. 
Application Note AN41 7B, p. 3. 
Fig. 19-3: The Complete Handbook of 
Amplifiers, Oscillators & Multivi- 
brators, TAB Book No. 1230, p. 326. 
Fig. 19-4: Electronics Today Interna- 
tional, 1/76, p. 46. 
Fig. 19-5: Ham Radio, 2/79, p. 40. 
Fig. 19-6. Electronics Today Interna- 
tional, 8/83, p. 57. 

Fig. 19-7: Electronics Today Interna- 
tional, 1 1/76, p. 44. 



Fig. 19-8: Ham Radio, 2/79, p. 40. 
Fig. 19-9: Ham Radio, 2/79, p. 42. 
Fig. 19-10: Ham Radio, 2/79. p. 41. 
Fig. 19-11: Ham Radio, 2/79, p. 43. 
Fig. 19-12: Ham Radio, 2/79, p. 43. 
Fig. 19-13: Ham Radio, 2/79, p. 43. 
Fig. 19-14: Ham Radio, 2/79, p. 43. 
Fig. 19-15: Ham Radio, 2/79, p. 38. 
Fig. 19-16: Ham Radio, 2/79, p. 39. 
Fig. 19-17: Ham Radio, 3/82, p. 66. 
Fig. 19-18: Electronics Today Interna- 
tional, 8/73, p. 82, 

Fig. 19-19: The Complete Handbook of 
Amplifiers, Oscillators & Multivi- 
brators, TAB Book No. 1230, p. 322. 
Fig. 19-20: Ham Radio, 4/78, p. 51. 
Fig. 19-21: Modern Electronics, 6/78, 
p. 57. 

Fig. 19-22; The Complete Handbook of 
Amplifiers, Oscillators & Multivibra- 
tors, TAB Book No. 1230, p. 336. 
Fig. 19-23: 73 Magazine, 8/78, p. 80. 
Fig. 19-24: Third Book Of Electronic 
Projects, TAB Book No. 1446, p. 22. 
Fig. 19-25; CHRYSTAL OSCIL- 
LATOR CIRCUITS, Robert J. Mat- 
thys, Copyright © 1983, fohn Wiley & 
Sons, Inc. Reprinted by permission of 
fohn Wiley & Sons, Inc. r.f. Design, 
5-6/83, p. 69. 

Fig. 19-26: CHRYSTAL OSCIL- 
LATOR CIRCUITS, Robert f. Mat- 
thys, Copyright © 1983, fohn Wiley & 
Sons, Inc. Reprinted by permission of 
fohn Wiley & Sons, Inc. r.f. Design, 
5-6/83, p. 64. 

Fig. 19-27: Ham Radio, 4/78, p. 50. 
Fig. 19-28: CHRYSTAL OSCIL- 
LATOR CIRCUITS, Robert f. Mat- 
thys, Copyright © 1983, John Wiley & 
Sons, Inc. Reprinted by permission of 
Fig. 19-29: CHRYSTAL OSCIL- 
LATOR CIRCUITS, Robert J. Mat- 
thys. Copyright © 1983, John Wiley & 
Sons, Inc. Reprinted by permission of 
John Wiley & Sons, Inc. r.f. Design, 
5-6/83, p. 63. 

Fig. 19-30: CHRYSTAL OSCIL- 
LATOR CIRCUITS, Robert J. Mat- 
thys, Copyright © 1983, John Wiley & 
Sons, Inc. Reprinted by permission of 
John Wiley & Sons, Inc. r.f. Design, 
5-6/83, p. 63, 

Fig. 19-31: CHRYSTAL OSCIL- 
LATOR CIRCUITS, Robert J. Mat- 
thys, Copyright © 1983, John Wiley &. 
Sons, Inc. Reprinted by permission of 
John Wiley & Sons, Inc. r.f. Design, 
5-6/83, p. 63, 
Fig. 19-32: CHRYSTAL OSCIL- 



734 



The Real Muslims Portal 



RMPInternational.TK 



LATOR CIRCUITS, Robert J. Mat- 
thys, Copyright © 1983, John Wiley & 
Sons, Inc. Reprinted by-permission of 
John Wiley & Sons, Inc. r.f. Design, 
5-6/83, p. 63. 

Fig. 19-33: Third Book Of Electronic 
Projects, TAB Book No. 1446, p. 21. 
Fig. 19-34: Intersil. 
Fig. 19-35: The Complete Handbook Of 
Amplifiers, Oscillators & Multivi- 
brators, Tab Book No. 1230, p. 324. 
Fig. 19-36: CHRYSTAL OSCIL- 
LATOR CIRCUITS, Robert J. Mat- 
thys, Copyright © 1983, John Wiley & 
Sons, Inc. Reprinted by permission of 
John Wiley & Sons, Inc. r.f Design, 
5-6/83, p. 64. 

Fig. 19-37: The Complete Handbook Of 
Amplifiers, Oscillators & Multivi- 
brators, TAB Book No. 1230, p. 325. 
Fig. 19-38: Ham Radio, 2/79, p. 41. 
Fig. 19-40. The Complete Handbook Of 
Amplifiers, Oscillators & Multivi- 
brators, TAB Book No. 1230, p. 330. 
Fig. 1941 : The Complete Handbook Of 
Amplifiers, Oscillators & Multivi- 
brators, TAB Book No. 1230, p. 331. 
Fig. 1942: Ham Radio, 4/78, p. 50. 
Fig. 1943: Ham Radio, 2/79, p. 40. 
Fig. 1944: 73 Magazine. 
.Fig. 1945: Reprinted with the permis- 
sion of National Semiconductor Corp. 
Linear Databook, 1982, p. 3-241. 
Fig. 1946: TeledyneSemiconductor 
Databook, p. 9. 

Fig. 1947: Reprinted with the permis- 
sion of National Semiconductor Corp. 
Application Note 32, p. 8. 
Fig. 1948: Reprinted with the permis- 
sion of National Semiconductor Corp. 
Transistor Databook, 1982, p. 7-26. 
Fig. 1949: Ham Radio, 2/79, p. 40. 
Fig. 19-50: CHRYSTAL OSCIL- 
LATOR CIRCUITS, Robert J. Mat- 
tkys, Copyright © 1983, John Wiley & 
Sons, Inc. Reprinted by permission of 
John Wiley & Sons, Inc. r.f. Design, 
5-6/83, p. 66. 

Chapter 20 

Fig. 20-1: Reprinted with the permis- 
sion of National Semiconductor Corp. 
Linear Databook, 1982, p. 3-123. 
Fig. 20-2: Intersil Data Book, 5/83, p. 
5-289. 

Fig. 20-3: Reprinted with the permis- 
sion of National Semiconductor Corp. 
Application Note AN -71, p. 5. 



Fig. 204: Reprinted with permission 
from General Electric Semiconductor 
Department. GE Semiconductor Data 
Handbook, Third Edition, p. 305. 
Fig. 20-5: Reprinted with the permis- 
sion of National Semiconductor Corp. 
Transistor Databook, 1982, p. 11-35. 

Chapter 21 

Fig. 21-1: Reprinted with the permis- 
sion of National Semiconductor Corp. 
Linear Databook, 1982, p. 3-123. 
Fig. 21-2: Reprinted with the permis- 
sion of National Semiconductor Corp. 
Transistor Databook, 1982. p. 11-30. 
Fig. 21-3: Reprinted with the permis- 
sioti of National Semiconductor Corp. 
Voltage Regulator Handbook, p. 10- 
112. 

Fig. 214: Reprinted with the permis- 
sion of National Semiconductor Corp. 
Transistor Databook, 1982, p. 11-30. 

Chapter 22 

Fig. 22-1: Electronics Today Interna- 
tional, 9/75, p. 65. 

Fig. 22-2: Signetics Analog Data Man- 
ual, 1982, p. 6-13. 

Fig. 22-3: Electronic Today Interna- 
tional, 8/79, p. 99. 
Fig. 224: © Siliconix incorporated. 
Siliconix Analog Switch & IC Product 
Data Book, 1/82, p. 6-15. 
Fig. 22-5: © Siliconix incorporated. 
MOSPOWER Design Catalog, 1/83, 
p. 641. 

Fig. 22-6: Signetics Analog Data Man- 
ual, 1982, p. 6-21. 

Fig. 22-7: Signetics Analog Data Man- 
ual. 1982, p. 6-21. 

Chapter 23 

Fig. 23-1: Ham Radio 11/78, p. 64. 
Fig. 23-2: Reprinted with the permis- 
sion of National Semiconductor Corp. 
Data Conversion/ Acquisition Data- 
book, 1980, p. 2-5. 

Fig. 23-3: Signetics Analog Data Man- 
ual, 1983, p. 11-15. 
Fig. 23-4: Signetics Analog Data Man- 
ual, 1983, p. 11-10. 
Fig. 23-5: Signetics Analog Data Man- 
ual, 1982, p. 16-28. 
Fig. 23-6: Signetics Analog Manual, 
1982, p. 16-28. 

Chapter 24 

Fig. 24-1 Signetics 555 Timers, 1973, 
p. 19. 

Fig. 24-2: Courtesy of Motorola Inc: 
Linear Interface Integrated Circuits, 
1979, p. 7-30. 



Fig. 24-3: Electronics Today Interna- 
tional, 1/76, p. 45. 

Fig. 244: Precision Monolitkks Incor- 
porated 1981 Full Line Catalog, p., 
8-33. 

Fig. 24-5: Reprinted with permission 
from General Electric Semiconductor 
Department. General Electric SCR 
Manual, Sixth Edition, 1979, p. 219. 
Fig. 24-6: Reprinted with permission 
from General Electric Semiconductor 
Department. General Electric SCR 
Manual, Sixth Edition, 1979, p. 218. 
Fig. 24-7: Courtesy of Motorola Inc. 
Application Note AN294. 
Fig. 24-8: Signetics 555 Timers, 1973, 
p. 20. 

Chapter 25 

Fig. 25-1: Radio-Electronics, 2/83, p. 
76. 

Fig, 25-2: Courtesy of Motorola Inc. 
Linear Integrated Circuits, 1979, p. 
6-98. 

Fig. 25-3: Radio-Electronics, 12/78, p. 
77. 

Fig. 254: Precision Monolithics Incor- 
porated, 1981 Full Line Catalog, p. 
14-17. 

Fig. 25-5: Precision Monolithics Incor- 
porated, 1981 Full Line Catalog, p. 
14-17. 

Fig. 25-6: Electronics Today Interna- 
tional, 3/78. p. 50. 

Fig. 25-7: RCA Corp., Solid State Di- 
vision, Digital Integrated Circuits Ap- 
plication Note ICAN-6346, p. 5. 
Fig. 25-8: Reprinted with the permis- 
sion of National Semiconductor Corp, 
Linear Databook, 1982, p. 3-97. 
Fig. 25-9: Courtesy of Fairchild Cam- 
era & Instrument Corporation. Linear 
Databook, 1982. p. 5-25. 
Fig. 25-10: Reprinted with the permis- 
sion of National Semiconductor Corp. 
National Semiconductor, Application 
Note LB-25. 

Fig. 25-11: Electronics Today Interna- 
tional, 9/72, p. 86. 

Fig. 25-12: 104 Weekend Electronics 
Projects, TAB Book No. 1436, p. 56. 
Fig. 25-13: Courtesy of Fairchild Cam- 
era & Instrument Corporation. Linear 
Databook, 1982, p. 4-180. 
Fig. 25-14: © Siliconix incorporated. 
Siliconix Analog Switch & IC Product 
Data Book, 1/82, p. 6-9. 
Fig. 25-15: Signetics Analog Data 
Manual, 1983. p. 10-100. 
Fig. 25-16: © Siliconix incorporated. 
Siliconix Application Note AN73-6, p. 
4. 



735 



The Real Muslims Portal 



RMPInternational.TK 



Fig. 25-17: Signetics Analog Data 
Manual, 1983, p. 13-6. 
Fig. 25-18: Signetics 555 Timers, 
1973, p. 17. 

Fig. 25-19: Reprinted with permission 
of Analog Devices, Inc. Data Acquisi- 
tion Databook, 1982, p. 4-123. 
Fig. 25-20: Courtesy of Texas Instru- 
ments Incorporated. Linear Control 
Circuits Data Book, Second Edition, p. 
205. 

Fig. 25-21: Siliconix incorporated. 
Siliconix Analog Switch & IC Product 
Data Book, 1/82, p. 6-14, 
Fig. 25-22: Signetics Analog Data 
Manual, 1983, p. 11-9. 
Fig. 25-23: Signetics Analog Data 
Manual, 1983, p. 11-9. 
Fig. 25 -24 -.Signetics Analog Data 
Manual, 1983, p. 10-100. 
Fig. 25-25: Courtesy of Fairckild Cam- 
era & Instrument Corporation. Linear 
Databook, 1982, p. 5-38. 
Fig, 25-26: Precision Monolithics In- 
corporated, 1981 Full Line Catalog, p. 
8-12. 

Fig. 25-27: Signetics Analog Data 
Manual, 1977, p. 264. 
Fig. 25-28: Reprinted with the permis- 
sion of National Semiconductor Corp. 
Linear Databook, 1982, p. 9-31. 
Fig. 25-29: Courtesy ofFairchild Cam- 
era & Instrument Corporation. Linear 
Databook, 1982, p. 5-38. 

Chapter 26 

Fig. 26-1: €) Siliconix incorporated. 
Siliconix Analog Switch & IC Product 
Data Book, 1/82, p. 8-5. 
Fig, 26-2: © Siliconix incorporated. 
Siliconix Analog Switch & IC Product 
Data Book, 1/82, p. 8-4. 
Fig. 26-3: Precision MonolithicsTncor- 
porated, 1981 Full Line Catalog, p. 
610. 

Fig. 26-4. Precision Monolithics Incor- 
porated, 1981 Full Line Catalog, p. 
11-55. 

Fig. 26-5: Precision Monolithics Incor- 
porated. 1981 Full Line Catalog, p. 
16-10. 

Fig. 26-6: Ferranti, Technical Hand- 
book Vol. 10, Data Converters, 1983, p. 
1-25. 

Fig. 26-7: Courtesy of Motorola Inc. 
Linear Integrated Circuits, 1979, p, 
4-50. 

Fig. 26-8: <QSiliconix incorporated. 
Siliconix Analog Switch & IC Product 
Data Book, 1/82, p. 8-5. 
Fig. 26-9. Courtesy ofFairchild Cam- 
era & Instrument Corporation. Linear 



Databook, 1982, p. 7-7. 
Fig. 26-10. Precision Monolithics In- 
corporated, 1981 Full Line Catalog, p. 
11-55. 

Fig. 26-11: Reprinted with permission 
of Analog Devices, Inc. Data Acquisi- 
tion Databook, 1982, p. 8-20. 
Fig. 26-12:Courtesy of Motorola Inc. 
Linear Integrated Circuits, 1979, p. 
3-17. 

Fig. 26-13: Reprinted with permission 
of Analog Devices, Inc. Data Acquisi- 
tion Databook, 1982, p. 10-50. 
Fig. 26-14: Precision Monolithics In- 
corporated, 1981 Full Line Catalog, p. 
11-54. 

Fig. 26-15: Precision Monolithics In- 
corporated, 1981 Full Line Catalog, p. 
16-159. 

Chapter 27 

Fig. 27-1: Ham Radio, 8/81, p. 27. 
Fig. 27-2: Ham Radio, 8/81, p. 28. 
Fig. 27-3: Ham Radio, 8/81, p. 27. 
Fig. 27-4: Ham Radio, 8/81, p. 26. 
Fig. 27-5: Ham Radio, 8/81, p. 26. 
Fig. 27-6: Ham Radio, 6/77, p. 42. 
Fig. 27-7: Ham Radio, 8/81, p, 27. 

Chapter 28 

Fig, 28-1: Reprinted from Electronics, 
12/74. p. 105. Copyright 1974, Mc- 
Graw Hill Inc. All rights reserved. 
Fig, 28-2: Electronics Today Interna- 
tional, 10/82, p. 80. 
Fig. 28-3: Reprinted with the permis- 
sion of National Semiconductor Corp, 
Linear Databook, 1982, p. 9-188. 
Fig. 28-4: Reprinted with the permis- 
sion of National Semiconductor Corp. 
Linear Databook, 1982, p. 9-1 72. 
Fig. 28-5: Courtesy of Motorola Inc. 
Linear Interface Integrated Circuits, 
1979, p. 5-102. 

Fig. 28-6: Intersil Data Book, 5/83, p. 
6-52. 

Fig. 28-7: Reprinted with the permis- 
sion of National Semiconductor Corp., 
Linear Databook, 1982, p. 9-171. 
Fig. 28-8: Electronics Today Interna- 
tional, 3/78, p. 50. 
Fig. 28-9: Intersil Data Book, 5/83, p. 
6-34. 

Chapter 29 

Fig. 29-1: Ham Radio, 1/78, p. 94 
Fig. 29-2: Reprinted with permission 
from General Electric Semiconductor 
Department GE Semiconductor Data 
Handbook, Third Edition, p. 577. 
Fig. 29-3: Reprinted with permission 
from General Electric Semiconductor 



Department GE Semiconductor Data 
Handbook, Third Edition, p. 577. 
Fig. 29-4: Reprinted with permission 
from General Electric Semiconductor 
Department GE Semiconductor Data 
Handbook, Third Edition, p. 573. 
Fig. 29-5: Reprinted with permission 
from General Electric Semiconductor 
Department GE Semiconductor Data 
Handbook, Third Edition, p. 183. 

Chapter 30 

Fig. 30-1: Reprinted with the permis- 
sion of National Semiconductor Corp. 
National Semiconductor CMOS 
Databook, 1981, p. 8-44. 
Fig. 30-2: Electronics Today Interna- 
tional, 4/79, p. 22. 

Fig, 30-3: SGS-ATES Databook 
COS/MOS B-Series, 2/82, p. 548. 
Fig. 30-4: OSiliconix incorporated. 
MOSPOWER Design Catalog, 1/83, 
p. 6-60. 

Fig. 30-5: Reprinted with permission of 
Analog Devices, Inc. Data Acquisition 
Databook, 1982, p. 4-81. 
Fig. 30-6: Signetics Analog Data Man- 
ual, 1982, p. 8-10. 

Fig. 30-7. Reprinted with the permis- 
sion of National Semiconductor Corp. 
Transistor Databook, 1982, p. 7-19. 
Fig. 30-8. Precision Monolithics Incor- 
porated, 1981 Full Line Catalog, p. 
16-159. 

Fig. 30-9. Precision Monolithics Incor- 
porated, 1981 Full Line Catalog, p. 
16-159. 

Fig. 30-10: Precision Monolithics In- 
corporated, 1981 Full Line Catalog, p. 
7-11. 

Fig. 30-11: Reprinted with the permis- 
sion of National Semiconductor Corp. 
Hybrid Products Databook, 1982, p. 
1-21. 

Fig. 30-12: Reprinted with the permis- 
sion of National Semiconductor Corp, 
Hybrid Products Databook, 1982, p. 
17-167. 

Fig. 30-13: SGS-ATES Databook 
COS/MOS B-Series, 2/82, p. 548. 
Fig. 30-14: Reprinted with permission 
of Analog Devices, Inc. Data Acquisi- 
tion Databook, 1982, p. 4-123. 
Fig. 30-15: Reprinted with permission 
of Analog Devices, Inc. Data Acquisi- 
tion Databook, 1982, p. 4-123. 
Fig. 30-16: Courtesy ofFairchild Cam- 
era & Instrument Corporation. Linear 
Databook, 1982, p. 5-39. 
Fig. 30-17: S-GS-ATES Databook 
COS/MOS B-Series, 2/82, p. 548. 



736 



The Real Muslims Portal 



Chapter 31 

Fig. 31-1: Reprinted with permission 
from General Electric Semiconductor 
Department. Optoelectronics, Second 
Edition, p. 113. 

Fig. 31-2: Reprinted with the permis- 
sion of National Semiconductor Corp. 
Hybrid Products Databook, 1982, p. 
13-11. 

Fig. 31-3: Reprinted with the permis- 
sion of National Semiconductor Corp. 
Hybrid Products Databook, 1982, p. 
17-153. 

Fig. 31-4: Reprinted with the permis- 
sion of National Semiconductor Corp. 
Hybrid Products Databook, 1982, p. 
13-14. 

Fig. 31-5: Reprinted with the permis- 
sion of National Semiconductor Corp. 
Hybrid Products Databook, 1982, p. 
13-20. 

Fig. 31-6: Reprinted with the permis- 
sion of National Semiconductor Corp. 
Hybrid Products Databook, 1982, p. 
13-20. 

Chapter 32 

Fig. 32-1: No reference. 
Fig. 32-2: No reference. 
Fig. 32-3: Modern Electronics, 2/78, p. 
47. 

Fig. 32 A: No reference. 
Fig. 32-5: The Giant Book Of Elec- 
tronics Projects, TAB Book No. 1367. 
p. 480. 

Fig. 32-6: The Giant Rook Of Elec- 
tronics Projects, TAB Book No. 1367, 
p. 114. 

Fig. 32-7: The Giant Book Of Elec- 
tronics Projects, TAB Bonk No. 1367, 
p. 114 
Fig. 32-8: 73 Magazine. 

Chapter 33 

Fig. 33-1: Precision Monolitkics Incor- 
porated, 1981 Full Line Catalog, p. 
6-58. 

Fig. 33-2: Intersil Data Book, 5/83, p. 
3-135. 

Fig. 33-3: Precision Monolitkics Incor- 
porated, 1981 Full Line Catalog, p. 
16-114. 

Fig. 33-4: Reprinted with the permis- 
sion of National Semiconductor Corp. 
Linear Databook, 1982, p. 3-50. 
Fig. 33-5: Electronics, 9/76, p. 100. 
Fig. 33-6: Reprinted with the permis- 
sion of National Semiconductor Corp. 
Data Conversion/ Acquision Data- 
book, 1980, p. 3-11 7. 
Fig. 33-7: Reprinted from Electronics, 
12/78, p. 124. Copyright 1978, Mc- 



RMPInternational.TK 

Craw Hill Inc. All rights reserved. 



' rights reserved. 
Fig. 33-8: Reprinted with the permis- 
sion of National Semiconductor Corp. 
Hybrid Products Databook, 1982 17- 
132. 

Fig. 33-9: Reprinted with the permis- 
sion of National Semiconductor Corp. 
Application Note LB-5, p. 1. 
Fig. 33-10. Electronics Today Interna- 
tional, 11/74, p. 67. 
Fig. 33-11. Courtesy ofFairchild Cam- 
era & Instrument Corporation. Linear 
Databook, 1982, p. 4-180. 
Fig. 33-12. Courtesy ofFairchild Cam- 
era & Instrument Corporation. Linear 
Databook, 1982, p. 4-179. 
Fig. 33-13. Courtesy of Fairckild Cam- 
era & Instrument Corporation. Linear 
Databook, 1982, p. 4-41. 
Fig. 33-14. Courtesy ofFairchild Cam- 
era & Instrument Corporation. Linear 
Databook, 1982, p. 4-119. 
Fig. 33-15: Reprinted with the permis- 
sion of National Semiconductor Corp. 
Linear Databook, 1982, p. 3-1 77. 
Fig. 33-16: Courtesy ofFairchild Cam- 
era & Instrument Corporation. Linear 
Databook, 1982, p. 4-178. 
Fig. 33-1 7: 73 Magazine, 4/79, p. 42. 
Fig. 33-18: 303 Dynamic Electronic 
Circuits, TAB Book No. 1060, p. 289. 
Fig. 33-19: Reprinted with the permis- 
sion of National Semiconductor Corp. 
Data Conversion/ Acquisition Data- 
book, 1980, p. 3-15. 
Fig. 33-20:Signetics Analog Data 
Manual, 1982, p. 3-77. 
Fig. 33-21: Harris Semiconductor, 
Linear & Data Acquisition Products, p. 
2-85. 

Fig. 33-22: © Siliconix incorporated. 
Siticonix Analog Switch & IC Product 
Data Book, 1/82, p. 6-9. 
Fig, 33-23: Reprinted with permission 
of Analog Devices, Inc. Data Acquisi- 
tion Databook, 1982, p. 4-104. 
Fig. 33-24: Reprinted with the permis- 
sion of National Semiconductor Corp. 
Data Conversion/Acquisition Data- 
book, lo80, p. 3-23. 
Fig. 33-25: Precision Monolithics In- 
corporated, 1981 Full Line Catalog, p. 
16-116. 

Fig. 33-26; Signetics Analog Data 
Manual, 1982, p. 4-8. 
Fig. 33-27: Precision Monolithics In- 
corporated, 1981 Full Line Catalog, p. 
16-115. 

Fig. 33-28: Precision Monolithics In- 
corporated, 1981 Full Line Catalog, p. 
16-116. 



Fig. 33-29: Harris Semiconductor, 
Linear & Data Acquisition Products, p. 
2-84. 

Fig. 33-30: Courtesy of Motorola Inc. 
Motorola Semiconductor Library Vol. 6, 
Series B, p. 3-126. 
Fig. 33-31: Ham Radio, 2/78, p. 72. 
Fig. 33-32: Signetics Analog Data 
Manual, p. 401. 

Fig. 33-33: Signetics Analog Data 
Manual, p. 75. 

Fig, 33-34: Reprinted with the permis- 
sion of National Semiconductor Corp. 
Audio/Radio Handbook, 1980. p. 2-58. 
Fig. 33-35: Reprinted with permission 
of Analog Devices, Inc. Data Acquisi- 
tion Databook, 1982, p. 4-97. 
Fig. 33-36: Reprinted with the permis- 
sion of N-ational Semiconductor Corp. 
Linear Databook, 1982, p. 3-157. 
Fig. 33-37: Precision Monolithics In- 
corporated, 1981 Full Line Catalog, p. 
7-11. 

Fig. 33-38: Precision Monolithics In- 
corporated, 1981 Full Line Catalog, p. 
16-158. 

Fig. 33-39: 73 Magazine, 1/79, p. 127. 
Fig. 33-40: Courtesy of Motorola Inc. 
Linear Integrated Circuits, 1979, p 
3-131. 

Fig. 33-41: Reprinted with the permis- 
sion of National Semiconductor Corp. 
Audio/RadioHandbook, 1980, p. 2-59. 
Fig. 33-42: Reprinted with the permis- 
sion of National Semiconductor Corp. 
Audio/RadioHandbook, 1980, p. 2-56. 
Fig. 33-43 -.Reprinted with the permis- 
sion of National Semiconductor Corp. 
Audio/RadioHandbook, 1980, p. 2-58. 

Chapter 34 

Fig. 34-1: Reprinted with permission 
from General Electric Semiconductor 
Department. GE Application Note 
201.10. 

Fig. 34-2: Electronics Today Interna- 
tional. 4/75, p. 42. 

Fig. 34-3: ©Siliconix incorporated, 
Application Note AN 154. 
Fig. 344; Reprinted with the permis- 
sion of National Semiconductor Corp. 
Linear Databook, 1982, p. 3-289. 
Fig. 34-5: Reprinted with permission 
from General Electric Semiconductor 
Department. GE Semiconductor Data 
Handbook, Second Edition, p. 905. 
Fig. 34-6: Reprinted with permission 
from General Electric Semiconductor 
Department. GE Semiconductor Data 
Handbook, Third Edition, p. 573. 
Fig. 34-7: Radio-Electronics, 5/79, p 
84. 



737 



The Real Muslims Portal 



RMPInternational.TK 



Fig. 34-8: 49 Easy To Build Electronic 
Projects, TAB Book No. 1337, p. 22. 
Fig. 34-9: 49 Easy To Build Electronic 
Projects, TAB Book No. 1337, p. 98. 
Fig. 34-10: Electronics Today Interna- 
tional, 12/74, p. 66. 
Fig. 34-11: No reference. 
Fig. 34-12: Electronics Today Interna- 
tional, 5-75, p. 67. 

Fig. 34-13: Reprinted with permission 
from General Electric Semiconductor 
Department. General Electric SCR 
Manual, Sixth Edition, 1979, p. 205. 
Fig. 34-14: Reprinted with permission 
from General Electric Semiconductor 
Department. General Electric SCR 
Manual, Sixth Edition, 1979, p. 207. 
Fig. 34-15: Reprinted vith the permis- 
sion of National Semiconductor Corp. 
Linear Databook, 1982, p. 12-14. 
Fig. 34-16: © Siliconix incorporated, 
Application Note AN 154. 
Fig. 34-17: © Siliconix incorporated, 
Application Note AN 154. 
Fig. 34-18: © Siliconix incorporated, 
Application Note AN154. 
Fig.34-19:OSiliconixincorporated, 
Application Note AN 154. 
Fig. 34-20: & Siliconix incorporated, 
Application Note AN154, 
Fig. 34-21: © Siliconix incorporated, 
Application Note AN154. 
Fig, 34-22: © Siliconix incorporated, 
Application Note AN154. 
Fig, 34-23: ©Siliconix incorporated, 
Application Note AN 154. 
Fig. 34-24:® Siliconix incorporated, 
Application Note AN 154. 
Fig. 34-25: ©Siliconix incorporated, 
Application Note AN 154. 
Fig. 34-26: © Siliconix incorporated, 
Application Note AN154. 

Chapter 35 

Fig. 35-1: Intersil Data Book, 5/83, p. 
649, 

Fig. 35-2: The Giant Book Of Elec- 
tronic Projects, TAB Book No. 1367, p. 
109, 

Fig. 35-3: 73 Magazine, 6/83, p. 106. 
Fig. 35-4: 104 Weekend Electronic 
Projects, TAB Book No. 1436, p. 166. 

Chapter 36 

Fig. 36-l:Reprinted with the permission 
of National Semiconductor Corp. 
Linear Databook, 1982, p. 10-110. 
Fig. 36-2: Reprinted with the permis- 
sion of National Semiconductor Corp. 
Linear Databook, 1982, p. 5-9. 
Fig, 36-3: Courtesy of Motorola Inc. 



Linear Integrated Circuits, 1979, p. 
6-99. 

Fig. 36-4: Courtesy of Motorola Inc. 
Linear Integrated Circuits, p. 6-99. 
Fig. 36-5: Signetics Analog Data Man- 
ual, 1982, p. 16-29. 

Chapter 37 

Fig. 37-1: Teledyne Semiconductor 
Publication DG -114-87, p. 7. 
Fig. 37-2: ©Siliconix incorporated. 
Analog Switch & IC Product Data 
Book, 1/82, p. 7-30. 
Fig. 37-3: Reprinted with the permis- 
sion of National Semiconductor Corp. 
Linear Databook, 1982, p. 9-140. 
Fig. 37-4: Reprinted with the permis- 
sion of National Semiconductor Corp. 
Linear Databook, 1982, p. 8-257. 
Fig. 37-5: Reprinted with permission of 
Analog Devices, Inc. Data Acquisition 
Databook, 1982, p. 12-20. 
Fig. 37-6: Reprinted with the permis- 
sion of National Semiconductor Corp. 
Linear Databook, 1982, p. 9-143. 
Fig. 37-7: Reprinted with the permis- 
sion of National Semiconductor Corp. 
Linear Databook, 1982, p. 8-257. 

Chapter 38 

Fig. 38-1: Electronics Today Interna- 
tional, 1/77, p. 83. 

Fig. 38-2: 101 Electronic Projects, 
1975, #32. 

Fig. 38-3: Electronics Today Interna- 
tional, 10/76, p. 66. 
Fig. 38-4: Electronics Today Interna- 
tional, 4/75, p. 67. 

Fig. 38-5: Canadian Project Number 
1, Spring 78, p. 55. 
Fig. 38-6: Electronics Today Interna- 
tional, 11/76, p. 44. 

Chapter 39 

Fig. 39-1 : Modem Electronics, 2/78, p. 
49. 

Fig, 39-2; Electronics Today Interna- 
tional, 10/78, p. 103. 
Fig. 39-3: Radio-Electronics, 3/78, p. 
76. 

Fig. 39-4: Popular Mechanics, 5/78, p. 
45. 

Fig. 39-5: 303 Dynamic Electronic Cir- 
cuits, TAB Book No. 1060, p. 36, 
Fig. 39-6: Electronics Today Interna- 
tional, 9/82, p. 70. 

Fig. 39-7: Electronics Today Interna- 
tional, 4/78, p. 77. 
Fig. 39-8: 73 Magazine. 
Fig. 39-9: No reference 
Fig. 39-10: Electronics Today Interna- 
tional, 2/77, p. 73. 



Chapter 40 

Fig. 40-1: Reprinted with permission of 
Control Engineering, 1301 S. Grove 
Ave. Barrington, Illinois 12/73, p. 43. 
Fig. 40-2: Courtesy of Motorola Inc. 
Communications Engineering Bulletin 
EB-33. 

Fig. 40-3: Courtesy of Motorola Inc. 
Communications Engineering Bulletin 
EB-33. 

Chapter 41 

Fig. 41-1: Courtesy of Texas Instru- 
ments Incorporated. Optoelectronics 
Databook, 1983-84, p. 15-12. 
Fig. 41-2: 73 Magazine, 7/77, p. 35. 
Fig. 41-3: Electronics Today Interna- 
tional, 6/76, p. 40. 

Fig. 41-4: Reprinted with the permis- 
sion of National Semiconductor Corp. 
Linear Databook, 1982, p. 9-172. 
Fig. 41-5: Courtesy of Texas Instru- 
ments Incorporated. Optoelectronics 
Databook, 1983-84, p. 15-11. 
Fig. 41 -6: Signetics A nalog Data Man- 
ual, 1982, p. 8-14. 

Fig. 41-7: OSiiiconix incorporated, 
Analog Switch & IC Product Data 
Book, 1/82, p. 6-14, 
Fig. 41-8: 73 Magazine. 
Fig, 41 -9: Reprinted from Electronics, 
3/73, p. 119. Copyright 1973, McGraw 
Hill Inc. All rights reserved. 

Chapter 42 

Fig, 42-1: Reprinted with the permis- 
sion of National Semiconductor Corp. 
Linear Databook, 1982, p. 9-127. 
Fig. 42-2: Supertex Data Book, 1983, 
p. 5-20. 

Fig. 42-3: Ptessey Semiconductors, 
Linear IC Handbook, 5/82, p. 86. 
Fig. 42-4: Plessey Semiconductors, 
Linear IC Handbook, 5/82, p. 91. 
Fig. 42-5: Reprinted with the permis- 
sion of National Semiconductor Corp. 
Hybrid Products Databook, 1982, p. 
1-74. 

Fig. 42-6: Electronics Today Interna- 
tional, 6/82, p. 70. 

Chapter 43 

Fig. 43-1: Harris Semiconductor, 
Linear & Data Acquisition Products, 
1977, p. 2-85. 

Fig. 43-2: Precision Monolithics Incor- 
porated, 1981 Full Line Catalog, p. 
6-77. 

Fig. 43-3: Courtesy ofFairchild Cam- 
era & Instrument Corporation. Linear 
Databook, 1982, p. 4-178. 
Fig. 43-4: Courtesy ofFairchild Cam- 



738 



The Real Muslims Portal 



era & Instrument Corporation 
Databook, 1982, p. 4-43. 
Fig. 43-5: Reprinted with the permis- 
sion of National Semiconductor Corp. 
Application Note 32, p. 5. 
Fig. 43-6: Reprinted with the permis- 
sion of National Semiconductor Corp. 
Application Note LB1. p. 2. 
Fig. 43-7: Courtesy of Texas Instru- 
ments Incorporated. Linear Control 
Circuits Data Book, Second Edition, p. 
120. 

Fig. 43-8: ©Siliconix incorporated. 
T100/T300 Applications. 
Fig. 43-9: Reprinted with the permis- 
sion of National Semiconductor Corp. 
Data Conversion/Acquisition Data- 
book, 1980, p. 4-27, 
Fig. 43-10: Reprinted with the permis- 
sion of National Semiconductor Corp. 
Linear Applications Handbook, 1982, 
p. AN242-15. 

Fig. 43-11: Signetics Analog Data 
Manual, 1982, p. 3-71. 
Fig. 43-12: ©Siliconix incorporated. 
Application Note, AN73-6, p. 3. 
Fig. 43-13: Reprinted with the permis- 
sion of National Semiconductor Corp. 
Hybrid Products Databook, 1982, p. 
3-7. 

Fig. 43-14: Reprinted with the permis- 
sion of National Semiconductor Corp. 
Data Conversion/Acquisition Data- 
book, 1 980, p. 3-102. 
Fig. 43-15: Courtesy of Motorola Inc. 
Linear Integrated Circuits, 1979, p. 
3-82. 

Fig. 43-16: Precision Monolithks In- 
corporated, 1981 Full Line Catalog, p. 
6-171. 

Fig. 43-17: Courtesy of Texas Instru- 
ments Incorporated. Linear Control 
Circuits Data Book, Second Edition, p. 
122. 

Fig. 43-18: Precision Monolitkics In- 
corporated, 1981 Full Line Catalog, p. 
7-11. 

Fig. 43-19: Precision Monolithks In- 
corporated, 1981 Full Line Catalog, p. 
7-6. 

Fig. 43-20: Precision Monolithics In 
corporated, 1981 Full Line Catalog, p. 
16-159. 

Fig. 43-21: Reprinted with permission 
of Analog Devices, Inc. Data Acquisi- 
tion Databook, . 1982, p. 4-56. 
Fig. 43-22: Reprinted with permission 
of Analog Devices, Inc. Data Acquisi- 
.Hon Databook, 1982, p. 4-92. 
Fig. 43-23: Precision Monolithks In- 
corporated, 1981 Full Line Catalog, p. 
6-50. 



RMPInternational.TK 

Linear tig. 43-24: Precision Monolithics In- 



corporated, 1981 Full Line Catalog, p. 

16-37. 

Fig. 43-25: Signetics Analog Data 

Manual, 1982, p. 3-15. 

Chapter 44 

Fig. 44-1: Courtesy of Texas Instru- 
ments Incorporated. Optoelectronics 
Databook, 1983, p. 15-13. 
Fig. 44-2: CQ, 3/78, p. 72. 
Fig. 44-3: Signetics Analog Data Man- 
ual, 1982, p. 3-76. 

Fig. 44-4: Courtesy of Texas Instru- 
ments Incorporated. Linear Control 
Circuits Data Book, Second Edition, p. 
207. 

Fig. 44-5: Reprinted with permission 
from General Electric Semiconductor 
Department. General Electric Newslet- 
ter, Vol. 11. No. 1, p. 5. 
Fig. 44-6: Reprinted with permission 
from General Electric Semkonductor 
Department. Optoelectronics, Second 
Edition, p. 1 12. 

Fig. 44-7: Courtesy of Fairchild Cam- 
era & Instrument Corporation. Linear 
Databook, 1982, p. 4-42. 
Fig. 44-8: Electronics Today Interna- 
tional, 5/77, p. 77. 

Fig. 44-9: Reprinted from Computers & 
Ekctronks. Copyright Ziff-Davis Pub- 
lishing Company. 4/83, p. 109. 
Fig. 44-10: The Build-It Book Of 
Electronic Projects, TAB Book No. 
1498, p. 42. 

Fig. 44-11: Copyright by Computer De- 
sign. AH rights reserved. Reprinted by 
permission. 1/83, p. 77. 
Fig. 44-12: Reprinted with permission 
from General Electric Semkonductor 
Department. General Electric SCR 
Manual, Sixth Editwn, 1979, p. 440. 
Fig. 44-13: Copyright by Computer De- 
sign. All rights reserved. Reprinted by 
permission. 1/83, p. 77. 
Fig. 44-14: Reprinted with permission 
from General Electric Semkonductor 
Department. GE Semkonductor Data 
Handbook, Third Edition, p. 1371 -4. 
Fig. 44-15: Precision Monolithks In- 
corporated, Linear & Conversion IC 
Products, 7/78, p. 7-12. 
Fig. 44-16: Electronic Projects, 1977, 
p. 82. 

Fig. 44-1 7: Reprinted with the permis- 
sion of National Semkonductor Corp. 
Linear Databook, 1982, p. 3-109. 
Fig. 44-18: Reprinted with permission 
from General Electric Semkonductor 
Department. Optoelectronics, Second 
Edition, p. Ill 



Fig. 44-19: Reprinted with the permis- 
sion of National Semkonductor Corp. 
Data Conversion/ Acquisition Data- 
book, 1980, p. 3-88. 

Chapter 45 

Fig. 45-1: RCA Corporation, RCA 
Solid-State Devices Manual, 1975, p. 
734. 

Fig. 45-2: Reprinted with permission 
from General Electric Semkonductor 
Department. GE Project H5, p. 157. 
Fig. 45-3: Solid State Products, New 
Design Idea, No. 5. 
Fig. 45-4: Reprinted from Ekctronks, 
12/74, p. 111. Copyright 1974, 
McGrau) Hill Inc. All rights reserved. 
Fig. 45-5: Ekctronks Today Interna- 
tional, 12172, p. 86. 
Fig. 45-6: Reprinted with permission 
from General Electric Semiconductor 
Department. GE Semkonductor Data 
Handbook, Second Editwn, p. 585. 
Fig. 45-7: 101 Electronk Projects, 
1975. 

Fig. 45-8: Courtesy of Motorola Inc. 
Motorola "Semiconductor Products. 
Circuit Applications for the Triac (AN- 
466), p. 12. 

Fig. 45-9: Courtesy of Motorola Inc. 
Motorla Semkonductor Products Cir- 
cuit Applkatwns for the Triac (AN- 
466), p. 5. 

Fig. 45-10: Electronics Today Interna- 
tional, 7/75, p. 41. 

Fig. 45-11: Reprinted with permission 
from General Ekctric Semkonductor 
Department. General Electric SCR 
Manual Sixth Edition, 1979, p. 264. 
Fig. 45-12: Courtesy of Motorola Inc. 
Motorola Semkonductor Products Cir- 
cuit Applkatwns for the Triac (AN- 
466), p. 6. 

Fig. 45-13: Reprinted with permission 
from General Electric Semiconductor 
Department. General Ekctric SCR 
Manual, Sixth Edition, 1979, p. 443. 
Fig. 45-14: Reprinted with permission 
from General Ekctric Semkonductor 
Department. General Electric SCR 
Manual Sixth Edition, 1979, p. 114. 
Fig. 45-15: Reprinted with permission 
from General Electric Semkonductor 
Department. GE Semkonductor Data 
Handbook, Third Edition, p. 64. 
Fig. 45-16: Reprinted with permission 
from General Ekctric Semkonductor 
Department. GE Semkonductor Data 
Handbook, Second Edition, p. 727. 
Fig. 45-17: Solid State Products, New 
Design Idea, No. 9. 
Fig. 45-18: Reprinted with the permis- 



739 



The Real Muslims Portal 



sion of National Semiconductor Corp. 
Transistor Databook, 1982, p. 7-35. 
Fig. 45-19: Reprinted with permission 
from General Electric Semiconductor 
Department. GE Semiconductor Data 
Handbook, Second Edition, p. 727. 
Fig. 45-20: Reprinted with the permis- 
sion of National Semiconductor Corp. 
Linear Databook, 1982, p. 3-111. 
Fig. 45-21: SGS-ATES Databook 
COS/MOS B-Series, 2/82. p. 548. 

Chapter 46 

Fig. 46-1: Machine Design, 9/80, p. 
126. 

Fig. 46-2: Machine Design, 9/80, p. 
127. 

Fig. 46-3: Reprinted with the permis- 
sion of National Semiconductor Corp. 
linear Databook, 1982, p. 9-191. 
Fig. 46-4; Reprinted with the permis- 
sion of National Semiconductor Corp. 
Data Conversion/ Acquisition Data- 
book, 1980, p. 3-91. 
Fig. 46-5: Reprinted with the permis- 
sion of National Semiconductor Corp. 
Hybrid Products Databook, 1982, p. 
1-89. 

Fig. 46-6: Reprinted with the permis- 
sion of National Semiconductor Corp. 
Data Conversion/Acquisition Data- 
book, 1980, p. 13-50. 

Chapter 47 

Fig. 47-1: NASA Tech Briefs, Spring 
1983, p. 249. 

Fig. 47-2: Courtesy of Texas Instru- 
ments Incorporated. Optoelectronics 
Databook, 1983-84, p. 15-9. 
Fig. 47-3: Reprinted with the permis- 
sion of National Semiconductor Corp. 
Linear Databook, 1982, p. 9-93. 
Fig. 47-4: Reprinted with permission 
from General Electric Semiconductor 
Department. General Electric SCR 
Manual, Sixth Edition, 1979, p. 226. 
Fig. 47-5: Modem Electronics, 7/78, p. 
55. 

Fig. 47-6: Electronics Today Interna- 
tional, 8/74, p. 66. 

Fig. 47-7: Reprinted with permission 
from General Electric Semiconductor 
Department. GE Semiconductor Appli- 
cation Note, 200.35, p. 14, 
Fig. 47-8: Modern Electronics, 3/78, p. 
68. 

Fig. 47-9: Modern Electronics, 7/78, p. 
55. 

Fig. 47-10: Reprinted with the permis- 
sion of National Semiconductor Corp. 
Linear Databook, 1982, p. 9-93. 



RMPInternational.TK 



Chapter 48 

Fig. 48-1: Reprinted with permission 
from General Electric Semiconductor 
Department. General Electric SCR 
Manual, Sixth Edition, 1979, p. 438. 
Fig. 48-2: Electronics Today Interna- 
tional, 1/78, p. 83. 

Fig. 48-3: Reprinted with the permis- 
sion of National Semiconductor Corp. 
Transistor Databook, 1982, p. 11-29. 
Fig, 48-4: Courtesy of Motorola Inc. 
Linear Integrated Circuits, 1979, p. 
3-138. 

Fig. 48-5: Courtesy ofFairckild Cam- 
era & Instrument Corporation. Linear 
Databook, 1982, p. 546. 
Fig. 48-6: Courtesy ofFairckild Cam- 
era & Instrument Corporation. Linear 
Databook, 1982, p. 5-48. 
Fig. 48-7: Precision Monolithics Incor- 
porated, 1981 Full Line Catalog, p. 
8-32. 

Fig. 48-8: Courtesy of Motorola Inc. 
Linear Integrated Circuits, 1979, p. 
3-139. 

Fig. 48-9: Courtesy ofFairehild Cam- 
era & Instrument Corporation. Linear 
Databook, 1982, p. 5-46. 

Chapter 49 

Fig. 49-1: Reprinted with the permis- 
sion of National Semiconductor Corp. 
Transistor Databook, 1982, p. 11-49. 
Fig. 49-2: Reprinted with the permis- 
sion of National Semiconductor Corp. 
National Semiconductor CMOS 
Databook, 1981, p. 8-124. 
Fig. 49-3: Intersil Data Book, 1978. 
Fig. 494: Reprinted with the permis- 
sion of National Semiconductor Corp. 
Linear Databook, 1982, p. 3-86. 
Fig. 49-5: Radio-Electronics, 10/77, p. 
72. 

Fig. 49-6: Electronics Today Interna- 
tional, 8/78, p. 91. 

Fig. 49-7: Third Book Of Electronic 
Projects, TAB Book No. 1446, p. 40. 
Fig. 49-8: Electronics Today Interna- 
tional, 8/73, p. 82. 

Fig. 49-9: 303 Dynamic E kctronic Cir- 
cuits, TAB Book No. 1060, p. 153. 
Fig. 49-10: Electronics Today Interna- 
tional, 10/78, p. 97. 
Fig. 49-11: Radio-Electronics, 1/80, p. 
68. 

Fig. 49-12; Signetics Analog Data 
Manual, 1983, p. 9-40. 
Fig. 49-13; Signetics Analog Data 
Manual, 1983, p. 9-38. 
Fig. 49-14: Reprinted with the permis- 
sion of National Semiconductor Corp. 



Linear Databook, 1982, p. 9-187. 
Fig. 49-15: Electronics Today Interna- 
tional, 1/76, p. 47. 

Fig. 49-16: Reprinted with the permis- 
sion of National Semiconductor Corp. 
Linear Databook, 1982, p. 9-140. 
Fig. 49-1 7: Courtesy ofFairehild Cam- 
era & Instrument Corporation. Linear 
Databook, 1982, p. 5-25. 
Fig. 49-18: Precision Monolithics In- 
corporated, 1981 Full Line Catalog, p. 
10-8. 

Fig. 49-19: Electronics Today Interna- 
tional, 7/75, p. 40. 

Chapter 50 
Fig. 50-1: Reprinted from Electronics, 
12/77, p. 78. Copyright 1978, McGraw 
Hill Inc. All rights reserved. 
Fig. 50-2: 101 Electronic Projects, 
1977, p. 48. 

Chapter 51 

Fig. 51-1: ETI Canada, 7/78, p. 46. 
Fig. 51-2: The Build-It Book Of Elec- 
tronic Projects, TAB Book No. 1498, p. 
131. 

Fig. 51-3; Modern Electronics, 3/78, p. 
7. 

Chapter 52 

Fig. 52-1: Reprinted with the permis- 
sion of National Semiconductor Corp. 
Application Note AN69, p. 6. 
Fig. 52-2: Courtesy of Texas Instru- 
ments Incorporated. Complex Sound 
Generator,. .Bulletin No. DL-S 12612, 
p. 13. 

Fig. 52-3: ©Siliconix incorporated. 
MOSPOWER Design Catalog, 1/83, 
p. 6-60. 

Fig. 52-4: Signetics Analog Data Man- 
ual, 1983, p. 10-99. 
Fig. 52-5: Signetics Analog Data Man- 
ual, 1983, p. 10-99. 
Fig. 52-6: Precision Monolithics Incor- 
porated, 1981 Full Line Catalog, p. 
16-157. 

Fig. 52-7: &Siticonix incorporated. 
MOSPOWER Design Catalog, 1/83, 
p. 6-42. 

Fig. 52-8: Reprinted with permission 
from General Electric Semiconductor 
Department. GE Semiconductor Data 
Handbook. Second Edition, p. 727.- 
Fig. 52-9: Reprinted with the permis- 
sion of National Semiconductor Corp. 
Audio/Radio Handbook, 1980, p. 4-37. 
Fig. 52-10: Courtesy of Motorola Inc. 
Linear Integrated Circuits, 1979, p. 
3-139. 

Fig. 52-11: Electronics Today Interna- 
tional, 6/82, p. 64. 



740 



The Real Muslims Portal 



** «-», coun esy ./^JRMPInteri^ajtignal.TK 

Linear Integrated Circuits, 1979, p. 



3-139. 

Fig. 52-13: Precision Monolithics In- 
corporated, 1981 Full Line Catalog, p. 
16-163. 

Fig. 52-14: ©Siliconix incorporated. 
Application Note AN154. 
Fig. 52-15: Signetics Analog Data 
Manual, 1982, p. 3-50. 
Fig. 52-16: Signetics Analog Data 
Manual, 1983, p. 10-20. 
Fig. 52-1 7: Precision Monolithics In- 
corporated, 1981 Full Line Catalog, p. 
6-10. 

Fig. 52-18: FERRANTI, Technical 
Handbook, Vol 10, Data Converters, 
1983, p. 7-26. 

Fig. 52-19: Reprinted with the permis- 
sion of National Semiconductor Corp. 
Voltage Regulator Handbook, p. 10-60. 
Fig. 52-20: Reprinted with permission 
of Analog Devices, Inc. Data Acquisi- 
tion Databook, 1982, p. 4-56. 
Fig. 52-21: Signetics Analog Data 
Manual, 1982, p. 4-8. 
Fig. 52-22: Courtesy o/Fairchild Cam- 
era & Instrument Corporation. Linear 
Databook, 1982, p. 5-38. 

Chapter 53 

Fig. 53-1: -@Siliconix incorporated. 
Siliconix Analog Switch & IC Product 
Data Book, 1/82, p. 4-24. 
Fig. 53-2: GSiliconix incorporated. 
Siliconix Analog Switch & IC Product 
Data Book, 1/82, p. 4-23. 
Fig. 53-3: Courtesy of Motorola Inc. 
Linear Integrated Circuits, 1979, p. 
6-99. 

Fig. 53-4: Teledyne Semiconductor, 
Data & Design Manual, 1981, p. 11- 
178. 

Fig. 53-5: Courtesy of Motorola Inc. 
Motorola Semiconductor Library, Vol. 
6, Series B, p. 8-58. 
Fig. 53-6: Reprinted with the permis- 
sion of National Semiconductor Corp. 
Data Conversion/Acquisition Data- 
book, 1980, p. 4-26. 
Fig. 53-7: Reprinted with the permis- 
sion of National Semiconductor Corp. 
Transistor Databook, 1982, p. 11-34. 

Chapter 54 

Fig. 54-1: Modern Electronics, 3/78, p. 

6. 

Fig. 54-2: 101 Electronic Projects, 

1977, p. 25. 

Fig. 54-3: 101 Electronic Projects, 

1975, p. 53. 



Fig. 55-1: Courtesy of Motorola Inc 
Application Note AN -829. 
Fig. 55-2: Radio-Electronics, 8/78. p. 
41. 

Fig. 55-3: Courtesy of Texas Instru 
ments Incorporated. Linear Control 
Circuits Data Book, Second Edition, p. 
288. 

Fig. 55-4: Courtesy of Motorola Inc. 
Linear Integrated Circuits, 1979, p. 
6-137. 

Fig. 55-5: Courtesy of Motorola Inc. 
Linear Integrated Circuits, 1979, p. 
6-122. 

Fig. 55-6: 44 Electronics Projects for 
Hams, SWLs, CBers, & Radio Ex- 
perimenters, TAB Book No. 1258, p. 
133. 

Fig. 55-7: Signetics 555 Timers, 1973, 
p. 23. 

Fig. 55-8: Courtesy of Motorola Inc. 
Linear Integrated Circuits, 1979, p. 
3-17. 

Fig. 55-9: Electronics Australia, 4/78, 
p. 51. 

Fig. 55-10: Signetics Analog Data 
Manual, 1983, p. 11-9. 
Fig. 55-11; Courtesy of Texas Instru- 
ments Incorporated. Linear Control 
Circuits Data Book, Second Edition, p. 
288. 

Fig. 55-12; Courtesy of Motorola Inc. 
Linear Integrated Circuits, 1979, p. 
6-98. 

Fig. 55-13: Electronics Today Interna- 
tional, 8/83, p. 57. 

Fig. 55-14; Courtesy of FairchUd Cam- 
era & Instrument Corporation. Linear 
Databook, 1982, p. 4-81. 
Fig. 55-15: Courtesy of Motorola Inc. 
Linear Integrated Circuits, 1979, p. 
6-16. 

Fig. 55-16: The Giant Book Of Elec- 
tronics Projects, TAB Book No. 1367. 

Chapter 56 

Fig. 56-1: Electronics Today Interna- 
tional, 4/78, p. 63. 

Fig. 56-2: Modem Electronics, 5/78, p. 
6. 

Fig. 56-3: Electronics Today Interna- 
tional, 8/78, p. 61. 
Fig. 56-4: Electronics Today Interna- 
tional, 12/78, p. 93. 

Chapter 57 

Fig, 57-1: Reprinted with the permis- 
sion of National Semiconductor Corp. 
Voltage Regulator Handbook, p. 10- 
201. 



Fig. 57-2: Reprinted with permission 
from General Electric Semiconductor 
Department. Project H13, p. 191. 
Fig. 57-3. Courtesy of Motorola Inc. 
Circuit Applications for the Triac, AN- 
466, p. 7. 

Fig. 57-4: Courtesy of Motorola Inc. 
ANA43. 

Fig. 57-5: Courtesy of Motorola Inc. 
AN-198. 

Fig. 57-6: Reprinted with permission 
from General Electric Semiconductor 
Department. GE Semiconductor Data 
Handbook, Third Edition, p. 573. 
Fig. 57-7: Intersil Data Book, 5/83, p. 
5-261. 

Fig. 57-8: 101 Electronic Projects, 
1977, p.98. 

Fig. 57-9: Reprinted with permission 
from General Electric Semiconductor 
Department, GE Application Note 
201.7. 

Fig. 57-10: Courtesy of Motorola Inc. 
Linear Interface Integrated Circuits, p. 
5-145. 

Fig, 57-11: Reprinted with the permis- 
sion of National Semiconductor Corp. 
Hybrid Products Databook, 1982, p. 
17-167. 

Fig. 57-12: 101 Electronic Projects, 
1975, p. 55. 

Fig. 57-13: Electronics Today Interna- 
tional. 6/75. 

Fig.. 57-14; RCA Solid State Devices 
Manual, 1975, p. 501. 
Fig. 57-15: Modern Electronics,. 6/78, 
p. 56. 

Fig. 57-16: Reprinted with permission 
from General Electric Semiconductor 
Department. GE Project H16, p. 203. 
Fig. 57-17: Electronics Today Interna- 
tional, 4/75, p. 65. 

Fig. 57-18: Courtesy of Motorola Inc. 
AN443. 

Fig. 57-19: Reprinted with the permis- 
sion of National Semiconductor Corp. 
Application Note AN125, p. 9. 
Fig. 57-20: Courtesy ofFairchild Cam- 
era & Instrument Corporation. Linear 
Databook, 1982, p. 4-114. 
Fig. 57-21 : Reprinted with permission 
from General Electric Semiconductor 
Department. GE Semiconductor Data 
Handbook, Third Edition, p. 964. 
Fig. 57-22: 101 Electronic Projects, 
1977, p. 93. 

Fig. 57-23: Courtesy ofFairchild Cam- 
era & Instrument Corporation. Linear 
Databook, 1982, p. 4-114. 

Chapter 58 

Fig. 58-1: Courtesy of Texas Instru- 



741 



The Real Muslims Portal 



merits Incorporated. Linear Control 
Circuits Data Book, Second Edition, p. 
285. 

Fig. 58-2: Courtesy of Texas Instru- 
ments Incorporated. Linear Control 
Circuits Data Book, Second Edition, p. 
286. 

Fig. 58-3; RCA Corporation, Solid 
State Division, Digital Integrated Cir- 
cuits Application Note, ICAN-6346, p. 
5. 

Fig. 58-4: Precision Monolithics Incor- 
porated, 1981 Full Line Catalog, p. 
16-154. 

Fig. 58-5: Courtesy of Motorola Inc. 
Linear Integrated Circuits, p. 6-136. 
Fig. 58-6: Courtesy of Motorola Inc. 
Application Note, AN 294. 
Fig. 58-7: Courtesy ofFairchild Cam- 
era & Instrument Corporation. Linear 
Databook, 1982, p. 5-47. 
Fig. 58-8: Signetics 555 Timers, 1973, 
P. 22. 

Fig. 58-9: Signetics Analog Data Man- 
ual, 1983, p. 15-6. 

Fig. 58-10: Precision Monolithics In- 
corporated, 1981 Full Line Catalog, p. 
8-32. 

Fig. 58-1 1 : Courtesy ofFairchild Cam- 
era & Instrument Corporation. Linear 
Databook, 1982, p. 5-46. 
Fig. 58-12: Courtesy ofFairchild Cam- 
era & Instrument Corporation. Linear 
Databook, 1982. p. 5-46. 
Fig. 58-13: Reprinted with the permis- 
sion of National Semiconductor Corp. 
Linear Databook, 1982, p. 5-7. 

Chapter 59 

Fig, 59-1: Electronics Today Interna- 
tional, 4/76, p. 23. 

Fig. 59-2: Popular Electronics, 4/75, 
p. 87. 

Fig. 59-3: Electronics Today Interna- 
tional, 4/78, p. 30. 

Fig. 59-4: Popular Electronics, 12/76, 
p. 28. 

Fig. 59-5: The Radio Hobbyist's Hand- 
book, TAB Book No. 1346, p. 256. 
Chapter 60 

Fig. 60-1: Reprinted from Electronics, 
7IT2, p. 77. Copyright 1972, McOraw 
Hill Inc. All rights reserved. 
Fig. 60-2: Reprinted from Electronics, 
10/73, p. 125. Copyright 1973, 
McGraw Hill Inc. All rights reserved. 
Fig. 60-3: 73 Magazine, 12/76, p. 170. 
Fig. 60-4: Electronics Today Interna- 
tional, 1978. 

Fig. 60-6: CQ, 11/83, p. 72. 
Fig. 60-7: Electronics Today Interna- 
tional, 7/77, p. 77. 



RMPInternational.TK 

al Chapter 61 Ti 



aapter i 

Fig. 61-1: Machine Design, 7/75, p. 
39. 

Fig. 61-2: Electronics Today Interna- 
tional, 4/73, p. 89. 

Fig. 61 -3: Signetics Analog-Data Man- 
ual, 1982, p. 16-28. 
Fig. 61-4: Teledyne Semiconductor 
Data & Design Manual, 1981, p. 11- 
207. 

Fig. 61-5: ©Siliconix incorporated. 
Analog Switch & IC Product Data 
Book, l/82,p. 6-4. 
Fig. 61-6: Reprinted with the permis- 
sion of National Semiconductor Corp. 
Application Note 32, p. 8. 

Chapter 62 

Fig. 62-1: Electronics Today Interna- 
tional, 4/82, p. 39. 

Fig. 62-2: Western Digital, Compo- 
nents Handbook, 1983, p. 577. 
Fig. 62-3: Modern Electronics. 2/78, p. 
72. 

Fig. 62-4: Canadian Projects Number 
1, Spring 1978, p. 78. 
Fig. 62-5: 101 Electronic Projects, 
1977, p. 49. 

Fig. 62-6: Electronics Today Interna- 
tional, 10/74, p. 67. 
Fig. 62-8: 44 Electronics Projects For 
The Darkroom, TAB Book No. 1248, 
p. 282. 

Fig. 62-9: 44 Electronics Projects For 
The Darkroom, TAB Book No. 1248, 
p. 284. 

Fig. 62-10: Signetics 555 Timers, 
1973, p. 23. 

Chapter 63 

Fig. 63-1: Reprinted with the permis- 
sion of National Semiconductor Corp, 
Linear Databook, 1982, p. 9-205. 
Fig. 63-2: Reprinted with the permis- 
sion of National Semiconductor Corp. 
Linear Databook, 1982, p. 9-191. 
Fig. 63-3: Courtesy of Texas Instru- 
ments Incorporated. Linear Control 
Circuits Data Book, Second Edition, p. 
374. 

Fig. 63-4: Reprinted with the permis- 
sion of National Semiconductor Corp. 
Application Note 222. 
Fig. 63-5: Courtesy of Motorola Inc. 
Motorola Semiconductor Library, Vol. 
6, Series B, p. 8-58. 

Chapter 64 

Fig. 64-1: <£)Siliconix incorporated, 
MOSPOWER Design Catalog, 1/83, 
p. 6-71. 
Fig. 64-2: Ferranti Semiconductors, 



Technical Handbook, Volume 10, 
Data Converters, 1983. p. 3-12. 
Fig. 64-3: Courtesy of Motorola Inc. 
Linear Integrated Circuits, 1979, p. 
5-144. 

Fig. 64-4: Intersil Data Book, 5/83, p. 
5-201. 

Fig. 64-5: Signetics 555 Timers, 1973, 
p. 27. 

Fig. 64-6: Signetics Analog Data Man- 
ual, 1982, p. 6-21. 

Fig. 64-7: Signetics Analog Data Man- 
ual, 1983, p. 12-36. 
Fig. 64-8: Signetics Analog Data Man- 
ual, 1983, p. 12-26. 
Fig. 64-9: Signetics Analog Data Man- 
ual, 1983, p. 12-22. 
Fig. 64-10: Electronics Today Interna- 
tional, 7/75, p. 39. 
Fig. 64-11: Courtesy of Motorola Inc. 
Circuit Applications for the Triac, AN- 
466, p. 12. 

Fig. 64~13: Electronics Today Interna- 
tional, 3/75, p. 67. 

Fig. 64-14: Courtesy of Motorola Inc. 
Linear Integrated Circuits, 1979, p. 
4-50. 

Fig. 64=15: 73 Magazine, 3/77, p. 152. 
Fig. 64-16: Intersil Data Book, 5/83, p. 
5-77. 

Fig. 64-1 7: Intersil Data Book, 5/83, p. 
5-77. 

Fig. 64-18:Intersil Data Book, 5/83, p. 
5-77. 

Fig. 64-19: Intersil Data Book, 5/83, p. 
5-77. 

Fig. 64-20: Intersil Data Book, 5/83,p. 
5-76. 

Fig. 64-21: Courtesy of Motorola Inc. 
Linear Integrated Circuits, 1979, p. 
4-105. 

Fig. 64-22: Reprinted with the permis- 
sion of National Semiconductor Corp. 
Voltage Regulator Handbook, p. 10-15. 
Fig. 64-23: Reprinted with the permis- 
sion of National Semiconductor Corp. 
Voltage Regulator Handbook, p. 10-77. 
Fig. 64-24: Courtesy of Motorola Inc. 
Linear Integrated Circuits, 1979, p. 
4-105. 

Fig. 64-25: Courtesy of Motorola Inc. 

Linear Integrated Circuits, 1979, p. 

4-105. 

Fig. 64-26: Electronics Today Interna- 
tional, 6/77, p. 77. 

Fig. 64-27: Courtesy of Motorola Inc. 

Linear Integrated Circuits, 1979, p. 

415. 

Fig. 64-28: Courtesy of Motorola Inc. 

Linear Integrated Circuits, 1979, p. 

4-15. 



742 



The Real Muslims Portal 



Fig. 64-29: Signetics Analog Data 
Manual, 1982, p. 6-14. 
Fig. 64-30: Courtesy of Motorola Inc. 
Linear Integrated Circuits, 1979, p. 
3-147. 

Fig. 64-31: Electronics Today Interna- 
tional, 3/75, p. 67. 

Fig. 64-32: Reprinted with the permis- 
sion of National Semiconductor Corp. 
-Voltage Regulator Handbook, p. 10- 
179. 

Fig. 64-33: Signetics Analog Data 
Manual, 1983. p. 12-28. 

Chapter 65 

Fig. 65-1: Reprinted with the permis- 
sion of National Semiconductor Corp. 
Linear Databook, 1982, p. 2-8. 
Fig. 65-2: Courtesy of Motorola Inc. 
Linear Integrated Circuits, 1979, p. 
4-23. 

Fig. 65-3: Courtesy of Motorola Inc. 
Linear Integrated -Circuits, 1979, p. 
4-152. 

Fig. 65-4: 101 -Electronic Projects, 
1975, p. 49. 

Fig. 65-5: Electronics Today Interna- 
tional, 9/75, p. 64. 

Fig. 65-6: Electronics Today Interna- 
tional, 3/75, p. 68. 

Fig. 65-7: Electronics Today Interna- 
tional, 1/75, p. 67. 

Fig. 65-8: Reprinted with the permis- 
sion of National Semiconductor Corp. 
Voltge Regulator Handbook, p. 10-15. 
Fig. 65-9: Electronics Today Interna* 
tional, 4/82, p. 29. 

Fig. 65-1 0: Reprinted with the permis- 
sion of National Semiconductor Corp. 
Voltage Regulator Handbook, p. 10- 
142. 

Fig. 65-11: Signetics Analog Data 
Manual, 1982, p. 6-25. 
Fig. 65-12: Reprinted with the permis- 
sion of National Semiconductor Corp. 
Voltage Regulator Handbook, p. 10-77. 
Fig. 65-13: Reprinted with the permis- 
sion of National Semiconductor Corp. 
Voltage Regulator Handbook, p. 10-15. 
Fig. 65-14: Reprinted with the permis- 
sion of National Semiconductor Corp. 
Linear Databook, 1982, p. 1-68. 
Fig. 65-15: Reprinted with the~permis- 
sion of National Semiconductor Corp. 
Fig. 65-16: Signetics Analog Data 
Manual, 1982, p. 6-25. 
Fig. 65-17: Signetics Analog Data 
Manual, 1982, p. 6-25. 
Fig. 65-18: Electronics Today Interna- 
tional, 8/78, p. 91. 



RMPInternational.TK 



Fig. 65-19: Courtesy of Motorola Inc. 
Linear Integrated Circuits, 1979, p. 
4-15. 

Fig. 65-20: Courtesy of Motorola Inc. 
Linear Integrated Circuits, 1979, p. 
5-147. 

Fig. 65-21 : Reprinted with the permis- 
sion of National Semiconductor Corp. 
CMOS Databook, 1981, p. 6-38. 

Chapter 66 

Fig. 66-1: No reference. 
Fig. 66-2: 73 Magazine. 
Fig. 66-3: Electronics Today Interna' 
tional, 3/77, p. 71. 
Fig. 66-4: Courtesy of Motorola Inc. 
Circuit Applications for the Triac, AN- 
466, p. 14. 

Fig. 66-5: Electronics Today Interna- 
tional, 1/79, p. 95. 

Fig. 66-6: Electronics Today Interna- 
tional, 8/76, p. 66. 

Fig. 66-7: Reprinted with the permis- 
sion of National Semiconductor Corp. 
Linear Databook, 1982, p. 2-39. 

Chapter 67 

Fig. 67-1: Ham Radio, 8/80, p. 18. 
Fig. 67-2: Canadian Projects Number 
1. p. 86. 

Fig. 67-3: Electronics Today Interna- 
tional. 5/77, p. 37. 

Fig. 67-4: Electronics Today Interna- 
tional, 3/81, p. 19. 

Fig. 67-5: 101 Electronic Projects, 
1975, p. 47. 

Fig. 67-6: Electronics Today Interna- 
tional, 1/76, p. 52. 

Fig. 67-7: Electronics Today Interna- 
tional, 1/76, p. 51. 

Fig. 67-8: Electronics Today Interna- 
tional, 11/75, p. 74. 
Fig. 67-9: Ham Radio. 2/73, p. 56. 
Fig. 67-10: 73 Magazine, 10/83, p. 66. 
Fig. 67-11: Electronics Today Interna- 
tional, 6/79, p. 103. 
Fig. 67-12: Electronics Today Interna- 
tional, 1/76, p. 44. 
Fig. 67-13: Reprinted from Electronics, 
7/76, p. 121. Copyright 1976, McGraw 
Hill Inc. All rights reserved. 
Chapter 68 

Fig. 68-1: ©Siliconix incorporated. 
Analog Switch & IC Product Data 
Book, 1/82, p. 6-20. 
Fig. 68-2: Electronics Today Interna- 
tional, 6/79, p. 17. 
Fig. 68-3: Courtesy of Motorola Inc. 
Motorola Semiconductor Library, Vol- 
ume 6, Series B, p. 5-52. 
Fig. 68-4: Reprinted with permission 
from General Electric Semiconductor 



Department. General Electric SCR 
Manual. Sixth Edition, 1979, p. 445. 
Fig. 68-5: Reprinted with the permis- 
sion of National Semiconductor Corp. 
Linear Databook, 1982, p. 3-241. 
Fig. 68-6: Courtesy of Fairchild Cam- 
era & Instrument Corporation. Linear 
Databook, 1982, p. 548. 
Fig. 68-7: Courtesy of Fairchild Cam- 
era & Instrument Corporation. Linear 
Databook, 1982, p. 5-24. 
Fig. 68-8: Signetics Analog Data Man- 
ual, 1982, p. 16-29. 
Fig. 68-9: Signetics Analog Data Man- 
ual, 1982. p. 16-29. 
Fig. 68-10: TeledyneSemiconductor, 
Databook, p. 8. 

Fig. 68-1 1 : © Silicnnix incorporated. 
Analog Switch & IC Product Data 
Book, 1/82, p. 6-20. 

Chapter 69 
Fig. 69-1: Reprinted from Electronics, 
3/75, p. 11 7. Copyright 1975, McGraw 
Hill Inc. All rights reserved. 
Fig. 69-2: Reprinted from Electronics, 
8/78, p. 106. Copyright 1978, McGraw 
Hill Inc. All rights reserved. 
Fig, 69-3: Reprinted with the permis- 
sion of National Semiconductor Corp. 
Hybrid Products Databook, 1982, p. 
2-15. 

Fig. 69-4: 49 Easy To Build Projects, 
TAB Book No. 1337, p. 77. 
Fig. 69-5: Electronics Today Interna- 
tional, 1/79, p. 97. 

Fig. 69-6: Reprinted with the permis- 
sion of National Semiconductor Corp. 
Hybrid Products Databook, 1982, p. 
2-16. 

Chapter 70 
Fig. 70-1: Reprinted with the permis- 
sion of National Semiconductor Corp. 
Linear Databook, 1982, p. 7-12. 
Fig. 70-2: Courtesy of Motorola Inc. 
Linear Integrated Circuits, p. 6-49. 
Fig. 70-3: Ferranti. Technical Hand- 
book Vol. 10, Data Converters, 1983, p. 
7-13. 

Fig. 70-4: Reprinted with the permis- 
sion of National Semiconductor Corp, 
Hybrid Products Databook, 1982, p. 
4-23. 

Chapter 71 
Fig. 71-1: Intersil Data Book, 5/83, p. 
7-83. 

Fig. 71-2: Reprinted with the permis- 
sion of National Semiconductor Corp. 
Transistor Databook, 1982, p. 7-67. 
Fig. 71-3: Reprinted with the permis- 
sion of National Semiconductor Corp. 
Audio/RadioHandbook, 1980, p. 4-37. 



743 



The Real Muslims Portal 



Fig. 71-4: Reprinted with the permis 
sion of National Semiconductor Corp. 
Audio/Radio Handbook, 1980, p. 3-16. 
Fig. 71-5: Reprinted with the permis- 
sion of National Semiconductor Corp. 
Hybrid Products Databook, 1982, p. 
13-17. 

Fig. 71-6: Courtesy of Motorola Inc. 
Linear Integrated Circuits, 1979, p. 
5-77. 

Fig. 71-7: 73 Magazine. 
Fig. 71-8: O Siliconix incorporated, 
Analog Switch & IC Product Data 
Book, 1/82, p. 6-18. 
Fig. 71 -9: Courtesy of Motorola Inc. 
Linear Integrated Circuits, 1979, p. 
6-123. 
Fig. 71-10: Ham Radio, 7/76, p. 69. 

Chapter 72 

Fig. 72-1 : 73 Magazine. 
Fig. 72-2: CO, 6/78, p. 32, 
Fig. 72-3: Teledyne Semiconductor, 
Databook, p. 11. 

Fig. 72-4: Reprinted from Electronics 
4/76, p. 104. Copyright , McGraw 
Hill Inc. All rights reserved. 
Fig. 72-5: Reprinted by permission from 
the Aug. 1981 issue of Insulation/ 
Circuits magazine. Copyright 1981, 
Lake Publishing Corporation, Liber- 
tyville, Illinois, 60048-9989, USA. 
Fig. 72-6: ©Siliconix incorporated, 
Application Note AN 154. 
Fig. 72-7: Electronics Today Interna- 
tional, 11/78, p. 68. 
Fig. 72-8: CQ, 6/78, p.33. 

Chapter 73 

Fig. 73-1: Courtesy of Motorola Inc. 

Communications Engineering Bulletin 

EB-67. 

Fig. 73-2: - Courtesy of Motorola Inc. 

Communications Engineering Bulletin 

EB-63. 

Fig. 73-3: Courtesy of Motorola Inc. 

Application Note AN 593, p. 3. 

Tig. 73-4: Courtesy of Motorola Inc. 

Application Note AN -593, p. 6. 

Fig. 73-5: Courtesy of Motorola Inc. 

Communications Engineering Bulletin 

EB-46. 

Fig. 73-6: Microwaves & RF, 1/83, p. 

89. 

Fig. 73-7: ^Siliconix incorporated, 

Small Signal FET Design Catalog, 

7/83, p. 5-52. 

Fig. 73-8: Harris Semiconductor, 

Linear & Data Acquisition Products, 

1977, p. 7-54. 

Fig. 73-9: Wireless World, 11/79, p. 

76. 



RMPInternational.TK 

Linear Databook, 1982, p. 12-14. 
Fig. 74-6: Radio-Electronics, 7/83, p. 



Fig. 73-10: 101 Electronic Projects, 
1975, p. 3. 

Fig. 73-11: Ham Radio, 10/78, p. 38. 
Fig. 73-12: 73 Magazine, 4/83, p. 106. 
Fig. 73-13: Ham Radio, 1/74, p. 67. 
Fig. 73-14: Courtesy of Motorola Inc. 
Motorola Semiconductor Library, Vol. 
6, Series B, p. 8-59. 

Fig. 73-15: ©Silic.onix incorporated. 

MOSPOWER Design Catalog, 1/83, 

p. 5-36. 

Fig. 73-16: Reprinted with the permis- 
sion of National Semiconductor Corp. 

Transistor Databook, 1982, p. 11-33. 

Fig. 73-1 7: © Siliconix incorporated. 

MOSPOWER Design Catalog, 1/83, 

p. 5-10. 

Fig. 73-18: Reprinted with the permis- 
sion of National Semiconductor Corp. 

Application Note 32, p. 9. 

Fig. 73-19: TeledyneSemiconductor, 

Data & Design Manual, 1981, p. II- 

178. 

Fig. 73-20: Signetics Analog Data 

Manual, 1983, p. 17-13. 

Fig. 73-21: Signetics Analog Data 

Manual, 1983, p. 1 7-15. 

Fig. 73-22: 73 Magazine. 

Fig. 73-23: Courtesy of Motorola Inc. 

Motorola Semiconductor Library, Vol. 

6, Series B, p. 8-58. 

Fig, 73-24: Courtesy of Motorola Inc. 

Motorola Semiconductor Library, Vol. 

6, Series B, p. 8-58. 

Fig. 73-25: © Siliconix incorporated. 

MOSPOWER Design Catalog, 1/83, 

p. 5-10. 

Fig. 73-26: TeledyneSemiconductor, 

Data & Design Manual. 1981, p. 11- 

178. 

Fig. 73-27: Teledyne Semiconductor, 

Data & Design Manual, 1981, p. 11- 

178. 

Fig. 73-28: Teledyne Semiconductor, 

Data & Design Manual, 1981, p. 11- 

178. 

Chapter 74 
Fig. 74-1: Reprinted with the permis- 
sion of National Semiconductor Corp. 

Transistor Databook, 1982, p. 8-63. 
Fig. 74-2: Reprinted with the permis- 
sion of National Semiconductor Corp. 
Transistor Databook, 1982, p. 11-32. 
Fig. 74-3: © Siliconix incorporated. 
MOSPOWER Design Catalog, 1/83, 
p. 5-6. 

Fig. 74-4: The Giant Book Of Elec- 
tronics Projects, TAB Book No. 1367. 
Fig. 74-5: Reprinted with the permis- 
sion of National Semiconductor Corp, 



Fig. 74-7: Radio-Electronics, 7/83, p. 

7. 

Fig. -74-8: 73 Magazine, 7/77, p. 35. 

Chapter 75 

Fig. 75-1: Reprinted with the permis- 
sion of National Semiconductor Corp. 
Linear Databook, 1982, p. 9-126. 
Fig. 75-2: Courtesy of Motorola Inc. 
Communications Engineering Bulle- 
tin, EB-46. 

Fig. 75-3: Signetics Analog Data Man- 
ual, p. 556. 

Fig. 75-4: Modern Electronics, 7/78. p. 
55. 

Fig. 75-5: Electronics Today Interna- 
tional, 6/79, p. 43. 

Fig. 75-6: Radio-Electronics, 8/69, p. 
74. 

Fig. 75-7: Signetics 555 Timers, 1973, 
P. 25. 

Chapter 76 

Fig. 76-1: The Build-It Book Of Elec- 
tronic Projects, TAB Book No. 1498, p. 
20. 

Fig. 76-2: 303 Dynamic E lectronic Cir- 
cuits, TAB Book No. 1060, p. 153. 
Fig. 76-3: Reprinted with the permis- 
sion of National Semiconductor Corp. 
Linear Databook, 1982, p. 9-100. 
Fig. 76-4: Reprinted with permission 
from General Electric Semiconductor 
Department. General Electric SCR 
Manual, Sixth Edition, 1979, p. 225. 
Fig. 76-5: 73 Magazine, 9/75. p. 105. 
Fig. 76-6: Howard S. Leopold. 
Fig. 76-7: Modem Electronics, 3/78, p. 
50. 

Fig. 76-8: 73 Magazine, 6/83, p. 106. 
Fig. 76-9: Modern Electronics, 2/78, p. 
50. 

Chapter 77 

Fig. 77-1: Electronics Today Interna- 
tional. 

Fig. 77-2: Reprinted with the permis- 
sion of National Semiconductor Corp, 
Transistor. Databook, 1982, p. 11-30. 
Fig. 77-3: Reprinted with the permis- 
sion of National Semiconductor Corp. 
Transistor Databook, 1982, p. 11-31. 
Fig. 77-4: Precision Monolithics Incor- 
porated, 1981 Full Line Catalog, p. 
7-18. 

Fig. 77-5: Reprinted with the permis- 
sion of National Semiconductor Corp. 
Linear Databook, 1982, p. 3-325. 
Fig. 77-6: Reprinted with the permis- 



744 



The Real Muslims Portal 



sion of National Semiconductor 
Hybrid Products Databook, 1981 
17-152. 

Fig. 77- 7: Reprinted with the. permis- 
sion of National Semiconductor Corp. 
Transistor Databook, 1982, p. 11-25. 
Fig. 77-8: Courtesy of Fairckild Cam- 
era & Instrument Corporation. Linear 
Databook, 1982, p. 7-25. 
Fig. 77-9: Courtesy of Fairchild Cam- 
era & Instrument Corporation. Linear 
Databook, 1982, p. 7-25. 
Fig. 77-10: Signetics Analog Data 
Manual, 1982, p. 3-50. 
Fig. 77-11: Signelics Analog Data 
Manual, 1982, p. 3-15. 
Fig. 77-12: Precision Monolithics In- 
corporated. 1981 Full Line Catalog, p. 
16-159. 

Chapter 78 

Fig. 78-1 : Electronics Today Interna- 
tional, 9/72, p. 86. 

Fig. 78-2: Electronics Today Interna- 
tional, 1978. 

Fig. 78-3: Reprinted with the permis- 
sion of National Semiconductor Corp. 
Linear Applications Handbook, 1982, 
p. 9-76. 

Fig. 78-3: Harris Semiconductor, 
Linear & Data Acquisition Products, 
1977, p, 2-96, 

Fig. 78-4: Courtesy of Motorola Inc. 
Linear Integrated Circuits, 1979, p. 
6-17. 

Chapter 79 
Fig. 79-1: Supertex Data Book, 1983, 
p. 5-26. 

Fig. 79-2: Reprinted with the permis- 
sion of National Semiconductor Corp. 
Linear Applications Handbook, 1982, 
p. 9-75. 

Fig. 79-3: Reprinted with the permis- 
sion of National Semiconductor Corp. 
Linear Applications Handbook, 1982, 
p. 9-76. 

Chapter 80 

Fig. 80-1: Reprinted with the permis- 
sion of National Semiconductor Corp. 
Audio/Radio Handbook, 1980, p. 4-40. 
Fig. 80-2: Reprinted with the permis- 
sion of National Semiconductor Corp. 
COPS Microcontrollers Databook, 
1982, p. 9-123. 

Fig. 80-3: Reprinted with the permis- 
sion of National Semiconductor Corp, 
COPS Microcontrollers Databook, 
1982, p. 10-3. 

Fig. 80-4: Electronics Today Interna- 
tional, 4/78, p. 31. 
Fig. 80-5: Reprinted with the permis- 



RMPInternationaLTK 

Corp. sion of N attanai Semiconductor Corp. 

12, p. Audio/Radio Handbook, 1980. p. 5-8. 



Audio/Radio Handbook, 1980. p. 
Fig. 80-6: Electronics Today Interna- 
tional, 1/79, p. 68. 
Fig. 80-7: Courtesy of Motorola Inc. 
Linear Integrated Circuits, 1979, p. 
6-136. 

Fig. 80-8: Electronics Today Interna- 
tional, 4/78, p. 29. 

Fig. 80-9: Electronics Today Interna- 
tional, 1/76, p. 49. 

Fig. 80-10: Courtesy of Texas Instru- 
ments Incorporated. Bulletin No. DL-S 
12612, p. 14. 

Fig. 80-11: Reprinted with the permis- 
sion of National Semiconductor Corp, 
Audio/Radio Handbook, 1980, p. 5-9. 
Fig. 80-12: Courtesy of Texas Instru- 
ments Incorporated. Bulletin No. DL-S 
12612, p. 12. 

Chapter 81 

Fig. 81-1: Reprinted with the permis- 
sion of National Semiconductor Corp. 
Linear Databook, 1982, p. 3-204. 
Fig. 81 -2: 73 Magazine, 10/77, p. 115. 
Fig. 81-3: Electronics Today Interna- 
tional, 7/81, p. 75. 

Fig. -81-4: Reprinted with permission 
from Ceneral Electric Semiconductor 
Department. GE Application Note 
200.35, 3/66, p. 14. 
Fig. 81-5: 104 Weekend Electronics 
Projects, TAB Book No. 1436, p. 64. 
Fig. 81-6: Electronics Today Interna- 
tional, 1975, p. 72. 

Chapter 82 

Fig. 82-1: Teledyne Semiconductor, 
Databook, p. 8. 

Fig. 82-2: tSiiiconix incorporated. Ap- 
plication Note AN 154. 
Fig. 82-3: The. Complete. Handbook of 
Amplifiers, Oscillators & Multivib- 
rators, TAB Book No. 1230, p. 335, 
Fig. 824: Courtesy of Fairchild Cam- 
era & Instrument Corporation. Linear 
Databook, 1982, p. 9-28. 
Fig. 82-5: Reprinted from Electronics, 
2/77, p. 107. Copyright 19 , McCraw 
Hill Inc. All rights reserved. 
Fig. 82-6: © Siliconix incorporated. 
Analog Switch & IC Product Data 
Book, 1/82, p. 6-19. 
Fig. 82-7: Harris Semiconductor, 
Linear & Data Acquisition Products, 
1977, p. 2-96. 

Fig. 82-8: Eleclronics Today Interna- 
tional, 7/78, p. 16. 

Fig. 82-9: Courtesy of Motorola Inc. 
Linear Interface. Integrated Circuits, p. 
7-30. 



Fig, 82-10: Reprinted with the permis- 
sion of National Semiconductor Corp. 
Data Conversion/Acquisition Data- 
book, 1980, p. 13-50. 
Fig. 82-11: Courtesy of Motorola Inc. 
Linear Interface Integrated Circuits, 
1979, p. 7-9. 

Fig. 82-12: Courtesy of Texas Instru- 
ments Incorporated. Linear Control 
Circuits Data Book, Second Edition, p. 
145. 

Fig. 82-13: Electronics Today Interna- 
tional, 7/78, p. 16. 

Fig. 82-14: Precision Monolithics In- 
corporated, 1981 Full Line Catalog, p. 
8-31. 

Chapter 83 

Fig. 81-1: Electronics Today Interna- 
tional, 7/81, p. 72. 

Fig. 83-2: 104 Weekend Electronics 
Projects, TAB Book No. 1436, p. 233. 
Fig. 83-3: 101 Electronic Projects, 
1977. p. 40. 

Chapter 84 

Fig. 84-1: Reprinted with the permis- 
sion of National Semiconductor Corp, 
Transistor Databook, 1982, p. 11-32. 
Fig. 84-2: Reprinted with the permis- 
sion of National Semiconductor Corp. 
Transistor Databook, 1982, p. 11-33. 
Fig. 84-3: Reprinted with' the permis- 
sion of National Semiconductor Corp. 
Transistor Databook, 1982, p. 11-28. 
Fig. 84-4: Reprinted with the permis 
sion of National Semiconductor Corp. 
Transistor Databook, 1982, p. 11-29. 
Fig. 84-5: Reprinted with permission 
from General Electric Semiconductor 
Department. General Electric SCR 
Manual, Sixth Edition, 1979, p. 313. 
F"ig. 84-6: Reprinted with the permis- 
sion of National Semiconductor Corp. 
Data Conversion/Acquisition Data- 
book, 1980, p. 11-10. 
Fig. 84-7: Reprinted with permission 
from Ceneral Electric Semiconductor 
Department. Optoelectronics, Second 
Edition, p. 141. 

Chapter 85 
Fig. 85-1: Intersil Data Book, 5/83, p. 
7-48. 

Fig. 85-2: Reprinted from Electronics, 
11/75, p. 120. Copyright 1975, 
McCraw Hill Inc. Alt rights reserved. 
Fig. 85-3: Courtesy of Motorola Inc. 
Fig. 854: Mitel Databook, p. 2-17. 
Fig. 85-5: Mitel Databook, p. 2-13. 
Fig. 85-6: 73 Magazine, 12/83, p. 115. 
Fig. 85-7: Ham Radio, 2/77, p. 70. 
Fig. 85-8: Ham Radio, 8/77, p. 41. 



745 



The Real Muslims Portal 



sian of National Semiconductor Corp. ' sum ofNationaFi>emii:on&c%riJljfp' 
Hybrid Products Databook, 1982, p. 



17-152. 

Fig. 77-7: Reprinted with the permis- 
sion of National Semiconductor Corp, 
Transistor Databook, 1982, p. El -25. 
Fig. 77-8: Courtesy of Fairchild Cam- 
era & Instrument Corporation, Linear 
Databook, 1982, p. 7-25. 
Fig. 77-9: Courtesy of Fairchild Cam- 
era & Instrument Corporation. Linear 
Databook, 1982, p. 7-25. 
Fig. 77-10: Signetics Analog Data 
Manual, 1982, p. 3-50. 
Fig. 77-11: Signetics Analog Data 
Manual, 1982, p, 3-15. 
Fig. 77-12: Precision Monolithks In- 
corporated, 1981 Full Line Catalog, p. 
16-159. 

Chapter 78 

Fig. 78-1 : Electronics Today Interna- 
tional, 9/72, p. 86. 

Fig. 78-2: Electronics Today Interna- 
tional, 1978. 

Fig. 78-3: Reprinted with the. permis- 
sion of National Semiconductor Corp. 
Linear Applications Handbook, 1982, 
p. 9-76. 

Fig. 78-3: Harris Semiconductor, 
Linear & Data Acquisition Products, 
1977, p, 2-96. 

Fig. 78-4: Courtesy of Motorola Inc. 
Linear Integrated Circuits, 1979, p. 
6-17. 

Chapter 79 
Fig. 79-1: Supertax Data Book, 1983, 
p. 5-26. 

Fig. 79-2: Reprinted with the permis- 
sion of National Semiconductor Corp. 
Linear Applications Handbook, 1982, 
p. 9-75. 

Fig. 79-3: Reprinted with the permis- 
sion of National Semiconductor Corp. 
Linear Applications Handbook, 1982, 
p. 9-76. 

Chapter 80 

Fig. 80-1: Reprinted with the permis- 
sion of National Semiconductor Corp. 
Audio/Radio Handbook, 1980, p. 4-40. 
Fig. 80-2: Reprinted with the. permis- 
sion of National Semiconductor Corp. 
COPS Microcontrollers Databook, 
1982, p. 9-123. 

Fig. 80-3: Reprinted with the permis- 
sion of National Semiconductor Corp. 
COPS Microcontrollers Databook, 
1982, p. 10-3. 

Fig. 80-4: Electronics Today Interna- 
tional, 4/78, p. 31. 
Fig. 80-5: Reprinted with the permis- 



Audio/ 'Radio Handbook, 1980, p. 5-8. 
Fig. 80-6: Electronics Today Interna- 
tional, 1/79, p. 68. 

Fig. 80-7: Courtesy of Motorola Inc. 
Linear Integrated Circuits, 1979, p. 
6-136. 

Fig. 80-8: Electronics Today Interna- 
tional, 4/78, p. 29. 

Fig. -80-9: Electronics Today Interna- 
tional, 1/76, p. 49. 

Fig. 80-10: Courtesy of Texas Instru- 
ments Incorporated. Bulletin No. DI.-S 
12612. p. 14. 

Fig. 80- 1 1 : Reprinted with the permis- 
sion of National Semiconductor Corp, 
Audio/ Radio Handbook, 1980, p. 5-9. 
Fig. 80-12: Courtesy of Texas Instru- 
ments Incorporated. Bulletin No. DL-S 
12612, p. 12. 

Chapter 81 

Fig. 81-1: Reprinted with the permis- 
sion of National Semiconductor Corp. 
Linear Databook, 1982, p. 3-204. 
Fig. 81 -2: 73 Magazine, 10/77, p. 115. 
Fig. 81-3: Electronics Today Interna- 
tional, 7/81, p. 75. 

Fig, 81 A: Reprinted with permission 
from General Electric Semiconductor 
Department. GE Application Note 
200.35, 3/66, p. 14. 
Fig. 81-5: 104 Weekend Electronics 
Projects, TAB Book No. 1436, p. 64. 
Fig. 81-6: Electronics Today Interna- 
tional, 1975, p. 72. 

Chapter 82 

Fig. 82-1: Teledyne Semiconductor, 
Databook, p. 8. 

Fig. 82-2: ©Siliconix incorporated. Ap- 
plication Note AN 154. 
Fig. 82-3: The Complete Handbook of 
Amplifiers, Oscillators & Multivib- 
rators, TAB Book No. 1230, p. 335. 
Fig. 82-4: Courtesy of Fairchild Cam- 
era & Instrument Corporation. Livear 
Datalxx/k. 1982, p. 9-28. 
Fig. 82-5: Reprinted from Electronics, 
2/77, p. 107. Copyright 19 , McGraw 
Hill Inc. All rights reserved. 
Fig. 82-6: © Siliconix incorporated. 
Analog Switch & IC Product Data 
Book, 1/82, p. 6-19. 
Fig. 82-7: Harris Semiconductor, 
Linear & Data Acquisition Products, 
1977, p. 2-96. 

Fig. 82-8: Electronics Today Interna- 
tional, 7/78, p. 16. 

Fig. 82-9: Courtesy of Motorola Inc. 
Linear Interface. Integrated Circuits, p. 
7-30. 



Fig.. 82-10: Reprinted with the permis- 
sion of National Semiconductor Corp. 
Data Conversion/ Acquisition Data- 
book, 1980, p. 13-50, 
Fig. 82-11: Courtesy of Motorola Inc. 
Linear interface Integrated Circuits, 
1979, p. 7-9, 

Fig. 82-12: Courtesy of Texas Instru- 
ments Incorporated, Linear Control 
Circuits Data Book, Second Edition, p. 
145. 

Fig. 83-13: Electronics Today Interna- 
tional, 7/78, p. 16. 

Fig. 82-14: Precision Monolithks In- 
corporated, 1981 Full Line Catalog, p. 
8-31. 

Chapter 83 

Fig. 83-1: Electronics Today Interna- 
tional, 7/81, p. 72. 

Fig. 83-2: 104 Weekend Eke Ironies 
Projects, TAB Hook No. 1436, p. 233. 
Fig. 83-3: 101 Electronic Projects, 
1977, p. 40. 

Chapter 84 

Fig. 84-1: Reprinted with the permis- 
sion of National Semiconductor Corp. 
Transistor Databook, 1982, p. 11-32. 
Fig. 84-2: Reprinted with the permis- 
sion of National Semiconductor Corp. 
Transistor Databook, 1982, p. 11-33. 
Fig. 84-3: Reprinted with the permis- 
sion of National Semkonductor Corp. 
Transistor Databook, 1982, p. 11-28. 
Fig. 84-4: Reprinted with the permis- 
sion of National Semiconductor Corp. 
Transistor Databook, 1982, p. 11-29. 
Fig. 84-5: Reprinted with permission 
from General Electric. Semiconductor 
Department. General Electric SCR 
Manual, Sixth Edition, 1979, p. 313. 
Fig. 84-6: Reprinted with the permis- 
sion of National Semkonductor Corp. 
Data Conversion/Acquisition Data- 
book, 1980, p. 11-10. 
Fig. 84-7: Reprinted with permission 
from General Electric Semiconductor 
Department. Optoelectronks, Second 
Edition, p. 141. 

Chapter 85 
Fig. 85-1: Intersil Data Book, 5/83, p. 
7-48. 

Fig. 85-2: Reprinted from Electronks, 
11/75, p. 120. Copyright 1975, 
McGraw Hill Inc. All rights reserved. 
Fig. 85-3: Courtesy of Motorola Inc. 
Fig. 85 A: Mitel Databook, p. 2-1 7. 
Fig. 85-5: Mitel Databook, p. 2-13. 
Fig. 85-6: 73 Magazine, 12/83, p. 115. 
Fig. 85-7: Ham Radio, 2/77, p. 70. 
Fig. 85-8: Ham Radio, 8/77, p. 41. 



745 



The Real Muslims Portal 



Fig. 85-9: Ham Radio, 1/84, p. 94. 
Fig. 85-10: Reprinted with permission 
from General Electric Semiconductor 
Department. Optoelectronics, Second 
Edition, p. 119. 
Fig. 85-11: Signetics Analog Data 
Manual, 1982, p. 16-27. 
Fig. 85-12: Modem Electronics, 7/78, 
p. 56. 

Fig. 85-13: The Build-It Book Of 
Electronic Projects, TAB Book No. 
1498, p. 3. 

Fig. 85-14: Reprinted with the permis- 
sion of National Semiconductor Corp. 
COPS Microcontrollers Databook, 
1982, p. 9-118. 

Fig. 85-15: 73 Magazine, 1/84, p. 115. 
Fig. 85-16: Intersil Data Book, 5/83, p. 
7-47. 

Fig. 85-1 7: Reprinted with permission 
from GeneralElectric Semiconductor 
DepartmentOptoelectronics , Second 
Edition, p. 119. 

Fig. 85-18: Ham Radio, 1/84, p. 93. 
Fig. 85-19: Ham Radio, 1/84, p. 91. 
Fig. 85-20: 73 Magazine, 4/83. 
Fig. 85-21: 73 Magazine, 9/82, p. 92. 

Chapter 86 

Fie. 86-1: Radio-Electronics, 7/81, p. 
73. 

Fig. 86-2: Reprinted with the permis- 
sion of National Semiconductor Corp. 
Hybrid Products Databook, 1982, p. 
1-87. 

Fig. 86-3: Reprinted with the permis- 
sion of National Semiconductor Corp. 
Data Conversion/ Acquisition Data- 
book, 1980, p. 12-17. 
Fig. 86-4: Reprinted with the permis- 
sion of National Semiconductor Corp. 
Linear Databook, 1982, p. 9-162. 
Fig. 86-5: Courtesy of Motorola Inc. 
Circuit Applications for the Triac (AN- 
466), p. 9. 

Fig. 86-6: Courtesy of Motorola Inc. 
Circuit Applications for the Triac, AN- 
466, p. 13. 

Fig. 86-7: Intersil Data Book, 5/83, p. 
5-68. 

Fig. 86-8: Reprinted with the permis- 
sion of National Semiconductor Corp. 
Linear Applications Handbook, 1982, 
p. LB36-2. 

Fig. 86-9: Reprinted with the permis- 
sion of National Semiconductor Corp. 
Linear Databook, 1982, p. 9-29. 
Fig. 86-10: Precision Monolithics In- 
corporated, 1981 Full Line Catalog, p. 
16-6. 

Fig. 86-11: Reprinted with the permis- 
sion of National Semiconductor Corp. 



RMPInternational. 

Linear Databook, 1982, p. 9-29. 
Fig. 86-12: Reprinted with the permis- 
sion of National Semiconductor Corp. 
Hybrid Products Databook, 1982, p. 
7-33. 



TK 



Chapter 87 

Fig. 87-1: Electronics Today Interna- 
tional, 4/81, p. 86. 

Fig. 87-2: Electronics Today Interna- 
tional, 12/78, p. 32. 
Fig. 87-3: Signetics Analog Data Man- 
ual, 1.983, p. 10-65. 
Fig. 87-4: Precision Monolithics Incor- 
porated, 1981 Full Line Catalog, p. 
6-147. 

Fig. 87-5: Teledyne Semiconductor, 
Databook, p. 12. 

Fig. 87-6: Precision Monolithics Incor- 
porated, 1981 Full Line Catalog, p. 
10-16. 

Fig. 87-7: Reprinted with the permis- 
sion of National Semiconductor Corp. 
Data Conversion/ Acquisition Data- 
book, 1980, p. 12-9. 
Fig. 87-8: Signetics Analog Data Man- 
ual, 1982, p. 3-78. 

Fig. 87-9: Reprinted with the permis- 
sion of National Semiconductor Corp. 
Data Conversion/Acquisition Data- 
book, 1980, p. 12-7. 
Fig. 87-10: Radio-Electronics, 3/80, p. 
60. 

Fig. 87-11: Reprinted with the permis- 
sion of National Semiconductor Corp. 
Data Conversion/ Acquisition Data- 
book, 1980, p. 12-10. 
Fig. 87-12: Reprinted with the permis- 
sion of National Semiconductor Corp. 
Linear Databook, 1982, p. 9-162. 
Fig. 87-13: Intersil Data Book, 5/83, p. 
5-71. 

Fig. 87-14: Intersil Data Book, 5/83, p. 
5-71. 

Fig. 87-15: Courtesy of Fairchild Cam- 
era & Instrument Corporation. Linear 
Databook, 1982, p. 4-42. 
Fig. 87-16: Reprinted with the permis- 
sion of National Semiconductor Corp. 
Linear Databook, 1982, p. 3-108. 
Fig. 87-1 7: Reprinted with the permis- 
sion of National Semiconductor Corp. 
CMOS Databook, 1981, p. 6-7. 
Fig. 87-18: Reprinted with the permis- 
sion of National Semiconductor Corp. 
Linear Databook, 1982, p. 9-31. 
Fig. 87-19: Reprinted with the permis- 
sion of National Semiconductor Corp. 
Linear Databook, 1982, p. 9-31. 
Fig. 87-20: Reprinted with the permis- 
sion of National Semiconductor Corp. 
Linear Databook, 1982, p. 9-29. 



Fig. 87-21: Reprinted with the permis- 
sion of National Semiconductor Corp. 
Linear Databook, 1982, p. 9-160. 
Fig. 87-22: Reprinted with the permis- 
sion of National Semiconductor Corp. 
Linear Databook, 1982, p. 9-162. 
Fig. 87-23: Reprinted with the permis- 
sion of National Semiconductor Corp. 
Voltage Regulator Handbook, p. 10- 
107. 

Fig. 87-24: Reprinted with the permis- 
sion of National Semiconductor Corp. 
Linear Databook, 1982, p. 2-46. 
Fig. 87-25: Electronics Today Interna- 
tional, 10/78, p. 101. 
Fig. 87-26: Reprinted with the permis- 
sion of National Semiconductor Corp. 
Linear Databook, 1982, p. 2-46. 
Fig. 87-27: Reprinted with the permis- 
sion of National Semiconductor Corp. 
Linear Databook, 1982, p. 9-29. 
Fig. 87-28: Reprinted with the permis- 
sion of National Semiconductor Corp. 
Linear Databook, 1982, p. 9-160. 
Fig. 87-29: Reprinted with the permis- 
sion of National Semiconductor Corp. 
Linear Databook, 1982, p. 9-31. 
Fig. 87-30: Teledyne Semiconductor, 
Databook, p. 11. 

Fig. 87-31: Teledyne Semiconductor, 
Databook, p. 11. 

Fig. 87-32: Intersil Data Book, 5/83, p. 
5-70. 

Fig. 87-33: Reprinted with the permis- 
sion of National Semiconductor Corp. 
Linear Databook, 1982, p. 9-29. 

Chapter 88 

Fig. 88-1: Western Digital, Compo- 
nents Handbook, 1983, p. 579. 
Fig. 88-2: Courtesy of Texas Instru- 
ments Incorporated. Linear Control 
Circuits Data Book, Second Edition, p. 
289. 

Fig. 88r3: Signetics Analog Data Man- 
ual, 1983, p. 15-11. 
Fig. 88-4: Courtesy of Motorola Inc. 
Application Note AN -294, p. 6. 
Fig. 88-5: Reprinted with permission 
from General Electric Semiconductor 
Department. Application Note 201.11. 
Fig. 88-6: Reprinted with permission 
from General Electric Semiconductor 
Department. GE Semiconductor Data 
Handbook, Third Edition, p. 1183. 
Fig. 88-7: Signetics 555 Timers, 1973, 
p. 19. 

Fig. 88-8: RCA Corporation, Linear 
Integrated Circuits And MOS/FETS, 
p. 437. 

Fig. 88-9: Reprinted with permission 
from General Electric Semiconductor 



746 



The Real Muslims Portal 



Departs, CE s^^MM^l^^^^OlialTK 

Handbook, Second Edition, p. 412. 



Fig. 88-10: 73 Magazine. 8/75, p. 140. 
Fig. 88-11: Western Digital, Compo- 
nents Handbook, 1983, p. 581. 
Fig. 88- 12: Reprinted with permission 
from General Electric Semiconductor 
Department. GE Semiconductor Data 
Handbook, Second Edition, p. 727. 
Fig. 88-13: Electronics Today Interna- 
tional, 3/82, p. 67. 

Fig. 88-14: Courtesy of Motorola Inc. 
Linear Integrated Circuits, 1979, p, 
3-17. 

Fig. 88-15: Electronics Today Interna- 
tional, 1/76, p. 52. 

Fig. 88-16: Modern Electronics, 2/78, 
p. 49. 

Fig. 88-17: Signetics 555 Timers, 
1973, p. 26. 

Fig. 88-18: Signetics 555 Timers, 
1973, p. 20. 

Chapter 89 

Fig. 89-1: Reprinted with the permis- 
sion of National Semiconductor Corp. 
Linear Databook, 1982, p. 10-170. 
Fig. 89-2: Signetics Analog Data Man- 
ual, 1982, p. 3-89. 

Fig. 89-3: Electronics Today Interna- 
tional, 10/77, p. 34. 
Fig. 894: Courtesy of Texas Instru- 
ments Incorporated. Linear Control 
Circuits Data Book, Second Edition, p. 
130. 

Fig. 89-5: Reprinted with the permis- 
sion of National Semiconductor Corp. 
Linear Databook, 1982, p. 10-63. 
Fig. 89-6: Reprinted with the permis- 
sion of National Semiconductor Corp. 
Audio/Radio Handbook, 1980, p. 2-53. 
Fig. 89-7: Reprinted with the permis- 
sion of National Semiconductor Corp, 
Audio/ Radio Handbook, 1980, p. 249. 
Fig. 89-8: Electronics Today Interna- 
tional, 6/79, p. 105. 
Fig. 89-9: Electronics Today Interna- 
tional, 6/82, p. 66. 

Fig. 89-10: Courtesy of Texas Instru- 
ments Incorporated. Linear Control 
Circuits Data Book, Second Edition, p, 
130. 

Fig. 89-11: Reprinted with the permis- 
sion of National Semiconductor Corp. 
Transistor Databook, 1982, p. 7-27. 
Fig. 89-12: Reprinted with the permis- 
sion of National Semiconductor Corp. 
Linear Databook, 1982, p. 3-48. 
Fig. 89-13: Electronics Today Interna- 
tional. 

Chapter 90 
Fig. 90-1: Radio-Electronics, 12/81, p. 



Fig. 90-2: Reprinted with the permis- 
sion of National Semiconductor Corp. 
Linear Databook, 1982, p. 9-108. 
Fig. 90-3: 73 Magazine, 6/77, p. 49. 
Fig. 90-4: CQ, 6/83, p. 46. 
Fig. 90-5: 73 Magazine, 8/83, p. 100. 

Chapter 91 

Fig. 91-1: Electronics Today Interna- 
tional, 6/78, p. 29. 
Fig. 91-2: 73 Magazine, 2/83, p. 90. 
Fig. 91-3: Radio-Electronics, 3/80, p, 
60. 

Fig. 91-4: Radio-Electronics, 8/83, p. 
96. 

Fig. 91-5:..Reprinted with the permis- 
sion of National Semiconductor Corp. 
Transistor Databook, 1982, p. 7-11. 

Chapter 92 

Fig. 92-1: Courtesy of Motorola Inc. 
Application Note AN-545A, p. 7. 
Fig. 92-2: Courtesy of Motorola Inc. 
Application Note AN-545A, p. 12. 
Fig. 92-3: Plessey Semiconductors, 
Linear IC Handbook, 5/82, p. 129. 
Fig. 92-4: Courtesy of Motorola Inc. 
Linear Integrated Circuits, 1979, p. 
5-50. 

Fig. 92-5: Courtesy of Motorola Inc 
Linear Integrated Circuits, 1979, p. 
5-73. 

Fig. 92-6: Courtesy of Motorola Inc. 
Linear Integrated Circuits, 1979, p. 
5-51. 

Fig. 92-7: Reprinted with the permis- 
sion of National Semiconductor Corp. 
Transistor Databook, 1982, p. 7-26. 
Fig. 92-8: Reprinted with the permis- 
sion of National Semiconductor Corp. 
Transistor Databook, 1982, p. 11-31. 
Fig. 92-9: Reprinted with the permis- 
sion of National Semiconductor Corp, 
Transistor Databook, 1982, p. 11-30. 
Fig. 92-10: Courtesy of Motorola Inc. 
Motorola Semiconductor Library, Vol- 
ume 6, Series B. 

Fig. 92-11: Harris Semiconductor, 
Linear & Data Acquisition Products, 
1977, p. 2-46. 

Chapter 93 

Fig. 93-1 : Precision Monotithics Incor- 
porated, 1981 Full Line Catalog, p. 
6-59. 

Fig. 93-2: Reprinted with the permis- 
sion of National Semiconductor Corp. 
Voltage Regulator Handbook, p. 10-47. 
Fig, 93-3: Courtesy of Motorola Inc. 
Linear Integrated Circuits, 1979, p. 
6-23. 
Fig. 93-4: Precision Monolithics Incor- 



porated, 1981 Full Line Catalog, p. 
7-11. 

Fig. 93-5: Precision Monolithics Incor- 
porated, 1981 Full Line Catalog, p. 
16-158. 

Fig. 93-6: Signetics Analog Data Man- 
ual, 1982, p. 3-38. 

Fig, 93-7: Reprinted with the permis- 
sion of National Semiconductor Corp. 
Data Conversion/ Acquisition Data- 
book, 1980, p. 13-50. 
Fig. 93-8: Courtesy of Motorola Inc. , 
Linear Integrated Circuits, 1979, p. 
3-42. 

Fig. 93-9: Reprinted with the permis- 
sion of National Semiconductor Corp. 
Transistor Databook, 1982, p. 11-25. 
Fig. 93-10: Precision Monolithics In- 
corporated, 1981 Full Line Catalog, p. 
6-142. 

Fig. 93-11: Precision Monotithics In- 
corporated, 1981 Full Line Catalog.p. 
10-18. 

Fig. 93-12: Precision Monolithics In- 
corporated, 1981 Full Line Catalog, p. 
10-15. 

Fig. 93-13: Precision Monolithics In- 
corporated, 1981 Full Line Catalog, p. 
16-16. 

Fig. 93-14: Precision Monolithics In- 
corporated, 1981 Full Line Catalog, p. 
10-8. 

Fig. 93-15: Reprinted with the permis- 
sion of National Semiconductor Corp. 
Data Conversion/ Acquisition Data- 
book, 1980, p. 14-52. 
Fig. 93-16: Precision Monolithics In- 
corporated, 1981 Full Line Catalog, p. 
16-158. 

Fig. 93-1 7: Reprinted with the permis- 
sion of National Semiconductor Corp. 
Data Conversion/Acquisition Data- 
book, 1980, p. 14-44. 
Fig. 93-18: Electronics Today Interna- 
tional, 8/78, p. 91, 

Fig. 93-19: Reprinted with the permis- 
sion of National Semiconductor Corp. 
Data Conversion/ Acquisition Data- 
book, 1980, p. 1441. 
Fig. 93-20: Precision Monolithics In- 
corporated, 1981 Full Line Catalog, p. 
6-78. 

Fig. 93-21 : Reprinted with the permis- 
sion of National Semiconductor Corp. 
Data Conversion/ Acquisition Data- 
book, 1980, p. 14-53. 
Fig. 93-22: Reprinted with the permis- 
sion of National Semiconductor Corp. 
Data Conversion/ Acquisition Data- 
book, 1980, p. 14-53. 
Fig. 93-23: Reprinted with the permis- 
sion of National Semiconductor Corp. 
Data Conversion/ Acquisition Data- 



747 



The Real Muslims Portal 



book, 1980, p. 14-51. 

Chapter 94 

Fig. 94-1: Intersil Data Book, 5/83, p. 
5-238. 

Fig. 94-2: Reprinted with the permis- 
sion of National Semiconductor Corp. 
Data Databook, 1982, p. '5-9. 
Fig. 94-3: Electronics Today Interna- 
tional, 12/78, p. 20. 
Fig. 94-4: Courtesy of Motorola Inc. 
Linear Integrated Circuits, 1979. p. 
6-17. 

Fig. 94-5: Electronics Today Interna- 
tional, 7/72, p. 84. 

Fig. 94-6: Reprinted with the permis- 
sion of National Semiconductor Corp. 
Data Conversion/ Acquisition Data- 
book, 1980, p. 3-13. 
Fig. 94-7: Signetics Analog Data Man- 
ual, 1982, p. 8-14. 

Fig, 94-8: Reprinted with the permis- 
sion of National Semiconductor Corp. 
Linear Databook, 1982, p. 3-179. 
Fig. 94-9: Reprinted with the-permis- 
sion of National Semiconductor Corp. 
Linear Databook, 1982, p. 3-238. 

Chapter 95 

Fig. 95-1: Teledyne Semiconductor, 
Publication DG-114-87, p. 3. 
Fig. 95-2: OSiliconix incorporated. 
Analog Switch & IC Product Data 
Book, 1/82, p. 1-25. 
Fig. 95-3: Courtesy ofFairchild Cam- 
era & Instrument Ctrporation. Linear 
Databook, 1982, p. 7-7. 
Fig. 95-4: Reprinted with the permis- 
sion of Analog Devices, Inc. Data Ac- 
quisition Databook, 1982, p. 12-19. 
Fig. 95-5: Reprinted with the permis- 
sion of National Semiconductor Corp. 
Linear Applications Handbook, 1982, 
p. D-7. 

Fig. 95-6: Reprinted with permission of 
Analog Devices, Inc. Data Acquisition 
Databook, 1982, p. 12-20. 

Chapter 96 

Fig. 96-1: Reprinted with the permis- 
sion of National Semiconductor Corp. 
National Semiconductor CMOS 
Databook, 1981, p. 3-50. 
Fig. 96-2: Precision Monolitkks Incor- 
porated, 1981, Full Line Catalog, p. 
16-138. 



RMPInternational. 

Fig. 96-3: Teledyne Semiconductor, 

Databook, p. 11. 

Fig. 96-4: ®5iliconix incorporated, 

Analog Switch & IC Product Data 
Book, 1/82, p. 7-21. 
Fig, 96-5: Precision Monolithics Incor- 
porated, 1981 Full Line Catalog, p. 
16-141. 

Fig. 96-6: Reprinted with the permis- 
sion of National Semiconductor Corp. 
Application Note 32, p. 2. 
Fig. 96-7: Reprinted with the permis- 
sion of National Semiconductor Corp. 
Linear Databook, 1982, p. 9-204. 
Fig. 96-8: Reprinted with the permis- 
sion of National Semiconductor Corp. 
Data Conversion/ Acquisition Data- 
book, 1980, p. 3-103. 
Fig. 96-9: Reprinted with the permis- 
sion of National Semiconductor Corp. 
HybridProducts Databook, 1982, p. 
17,54. 

Fig. 96-10: Electronics Today Interna- 
tional, 7/72, p. 83. 

Fig. 96-11: Signetics Analog Data 
Manual, 1982, p. 3-50. 
Fig. 96-12: Siliconix Analog Switch & 
IC Product Data Book, 1/82, p. 1-7. 
Fig. 96-13: Reprinted with the permis- 
sion of National Semiconductor Corp. 
Hybrid Products Databook, 1982, p. 
1-27. 
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Chapter 97 

Fig. 97-1: Reprinted from Electronics, 
7/83, p. 135. Copyright 1983, McGraw 
Hill Inc. All rights reserved. 
Fig. 97-2: Reprinted with the permis- 
sion of National Semiconductor Corp. 
Data Conversion/ Acquisition Data- 
book, 1980, p. 8-33. 
Fig. 97-3: Precision Monolithics Incor- 
porated, 1981 Full Line Catalog, p. 
16-173. 

Fig. 97-4: Courtesy of Texas Instru- 
ments Incorporated. Linear Control 
Circuits Data Book, Second'Edition, p. 
145. 

Fig. 97-5: Intersil Data Book, 5/83, p. 
5-238. 

Fig. 97-6: Harris Semiconductor, 
Linear & Data Acquisition Products, p. 
2-58. 



Fig. 97-7: 73 Magazine, 8/78, p. 132. 
Fig. 97-8: Reprinted with the permis- 
sion of National Semiconductor Corp. 
Linear Databook, 1982, p. 3-241. 
Fig. 97-9: Reprinted with permission 
from General Electric Semiconductor 
Department. GE Semiconductor Data 
Handbook, Third Edition, p. 577. 
Fig. 97-10: Reprinted with permission 
from General Electric Semiconductor 
Department. GE Semiconductor Data 
Handbook, Third Edition, p. 1183. 
Fig. 97-11: Intersil Data Book, 5183, p. 
5-238. 

Fig. 97-12: Courtesy of Motorola Inc. 
Linear Interface Integrated Circuits, 
1979, p. 5-119. 

Fig. 97-13: Precision Monolithics In- 
corporated, 1981 Full Line Catalog, p. 
16-81. 

Fig. 97-14: Harris Semiconductor 
Linear — Data Acquisition Products, p. 
2-46. 

Fig. 97-15: Intersil Data Book 5/83, p. 
4-93. 
Fig. 97-16: Signetics Analog Data 

Manual, 1982, p. 16-29. 
Fig, 97-17: Signetics Analog Data 
Manual, 1982, p. 16-29. 
Fig. 97-18: Signetics Analog Data Man- 
ual, 1977, p. 264. 

Fig. 97-19: Courtesy ofFairchild Cam- 
era & Instrument Corporation. Linear 
Databook, 1982, p. 5-25. 
Fig. 97-20: Signetics Analog Data 
Manual, 1982, p. 16-29. 

Chapter 98 

Fig. 98-1 : Electronics Today Interna- 
tional, 8/78, p. 69. 

Fig. 98-2: Courtesy ofFairchild Cam- 
era & Instrument Corporation. Linear 
Databook, 1982, p. 5-32. 
Fig. 98-3: €)Siliconix incorporated. 
Analog Switch & IC Product Data 
Book, 1/82, p. 6-18. 
Fig. 98-4: Courtesy of Motorola Inc. 
Linear Integrated Circuits, 1979, p. 
6-123. 

Fig. 98-5: Courtesy of Texas Instru- 
ments Incorporated. Linear Control 
Circuis Data Book, Second Edition, p. 
205. 

Fig. 98-6: ©Siliconix incorporated. 
Analog Switch & IC Product Data 
Book, 1/82, p. 6-14. 
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Index 



Numbers preceded by an "I-," "II," and "III" are from Encyclopedia of Electronic Circuits 
Vol. I., Vol. II, and Vol. Ill respectively. 



0/01 percent analog multiplier, 11-392 

1 MHz FET crystal oscillator, 11-144 
1 kHz oscillator, 11-427 

1 watt/2.3 GHz amplifier, 11-540 

10 amp regulator, current and thermal 

protection with, 11-474 
10 MHz crystal oscillator, 11-141 
10 MHz fiber optic receiver, H-205 
10 watt/225400 MHz rf amplifier, 11-548 
100 MHz converter, 11-130 
12 to 14 V regulated 3 amp power supply, 

H-480 
12-bit D/A, variable step size in, 11-181 
12ns circuit breaker, H-97 
125 Watt 150 MHz amplifier, U-544 
14-volt, 4-amp battery charger/power 

supply, 11-73 
1800 Hz notch filter, 11-398 

2 MHz square wave generator TTL 

gates in, 11-598 
2 to 6 Watt audio amplifier with preamp, 

II451 
20 kHz ring counter, 11-135 
25 watt amplifier, 11-452 

400 Hz servo amplifier, 11-386 
400V/60W push-pull power supply, II473 



5 MHz phase-encoded data read circuitry, 
11-365 

5 MHz VFO, 11-551 

5 v powered linearized platinum RTD 
signal conditioner, 11-650 

5 watt rf power amplifier, 11-542 

50-ohm transmission line driver, 11-192 

500 kHz switching inverter for 12V 
systems, II474 

550 Hx notch filter, 11-399 

555 timer 
astable, low duty cycle, n-267 
beep transformer, IH-566 
integrator to multiply, 11-669 
RC audio oscillator from, n-567 
square wave generator using, H-595 

565 SCA demodulator, III-150 

6-meter kilowatt rf amplifier, 11-545 
6-meter preamp with 20 dB gain and low 

NF, H-543 
60 Hz clock pulse generator, 11-102 
600-ohm balanced driver for tine signals, 

11-192 
600-ohm high output line driver, 11-193 
650 MHz amplifying prescaler probe, II- 

502 
650 x microprocessors, interface to, IH-98 
680 x microprocessors, interface to, IH-98 



7400 siren, 11-575 

8-amp regulated power supply, mobile 

equipment, 11-461 
800 W light dimmer, 11-309 
8048/IM80C48 microprocessor 8-char/16- 

seg ASCII triplex LCD, H-116 

90- watt power amplifier with safe area 
protection, n~459 



absolute value amplifier, 1-31 
absolute value circuit, precision, 1-37 
absolute value full wave rectifier, H-528 
absolute value Norton amplifier, III-ll 
ac bridge circuit, 11-81 
ac flasher, III-196 
ac linear coupler, analog, II412 
ac motor 

control for, 11-375 

three-phase driver for, 11-383 

two-phase driver for, 11-382 
ac sequential flasher, 11-238 
ac switcher, high-voltage optically coupled, 

III408 
ac-coupled amplifiers, dynamic, 111-17 
ac-line operated unijunction metronome, 
n-355 
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accurate null/variable gain circuit, III-6 1 
acid rain monitor, 11-245. 111-361 
active antennas, III-1-2 
active clamp-limiting amplifiers, m-15 
active crossover networks, 1-172-173 
active filter 

band reject, 11-401 

bandpass, III-190, 11-221, 11-223 

digitally tuned low power, 11-218 

low pass, digitally selected break 
frequency, 11-216 

low-power, digitally selectable center 
frequency, III-186 

programmable, III-185 

state-variable, III-189 
ten-band graphic equalizer using, 11-684 

universal, 11-214 
active integrator, inverting buffer, II-299 
adapter 

dc transceiver and, hand-held, III461 

program, second-audio, III-142 

traveller's shaver, 1-495 
adder, ffi-327 

adjustable ac tinier, .2 to 10 seconds, Il- 
eal 
adjustable audible continuity tester, 11-536 
adjustable delay circuit, 111-148 
adjustable oscillator, over 10:1 range, II- 

423 
adjustable Q notch filter, 11-398 
adjustable sine wave audio oscillator, II- 

568 
adjustable threshold temperature alarm, 

11-644 
AGC amplifiers 

rf, wideband adjustable, III-545 

squelch control, IH-33 

wide-band, 111-15 
air conditioner, auto, smart clutch for, III- 

46 
air flow detector, 1-235, 11-242 
air flow meter (see anemometer) 
air-motion detector, III-364 
airplane propeller sound effect, 11-592 
alarms (see also detectors; indicators; 
sensors), III-3-9 

auto burglar, II-2, 1-3, III-4, [-7, 1-10 

auto, single-IC, III-7 

blown fuse, 1-10 

boat, 1-9 

burglar, III-8, III-9 

burglar, one-chip, HI-5 

camera triggered, 111-444 

capacitive sensor, HI-515 

current monitor and, 111-338 

differential voltage or current, II-3 

digital clock circuit with, 111-84 

door-ajar, Hall-effect circuit, IH-256 
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door open, 11-284 

fail-safe, semiconductor, III-6 

field disturbance, 11-507 

flood, 111-206, 1-390 

freezer meltdown, 1-13 

headlights-on, IH-52 

high/low limit, 1-151 

ice formation, 11-58 

latching burgiar,I-8, 1-12 

line-operated photoelectric smoke, I- 
596 

low-battery disconnect and, 111-65 

low-battery warning, 111-59 

low volts, II493 

motion-actuated car, 1-9 

motion-actuated motorcycle, 1-9 

multiple circuit for, II-2 

photoelectric, 11-319 

photoelectric system for, 114 

piezoelectric, 1-12 

power failure, III-511, 1-581, 1-582 

proximity, 11-506, III-517 

pulsed-tone, 1-11 

purse-snatcher, capacitance operated, I- 
134 

rain, 1442, 1443 

road ice, II-57 

security, 1-4 

self-arming, 1-2 

shutoff, automatic, 14 

signal-reception, receivers, III-270 

smoke, SCR, III-251 

solar powered, 1-13 

speed, 1-95 

Star Trek red alert, 11-577 

tamperproof burglar, 1-8 

temperature, 11-643 

temperature, light, radiation sensitive, 
114 

timer, 11-674 

trouble tone alert, 11-3 

varying-frequency warning, 11-579 

wailing, 11-572 

warbling, 11-573 

water level, 1-389 
alarm flasher, bar display with, 1-252 
alarm shutoff, automatic, 14 
allophone generator, IH-733 
alternating flasher, 11-227 
alternators 

battery-alternator monitor, automotive, 
111-63 
ambience amplifier, rear speaker, H458 
ambient light effects, cancellation circuit 

for, 11-328 
AM demodulator, 11-160 
AM integrated receiver, III-535 



microphone, wireless, 1-679 
AM radio, 1-544 

power amplifier for, 1-77 

receivers, III-529 

receivers, carrier-current, 111-81 
AM/FM 

clock radio, 11-543, II1-1 

squelch circuit for, 11-547, III-l 
amateur radio 

linear amp, 2-30 MHz 140-W, 111-260 

receiver for, III-534 

transmitter, 80-M, III-675 
ambient light ignoring optical sensor, III- 

413 
ammeter, 1-201 

nano, 1-202 

pico, n-154, 1-202 

pico, circuit for, 11-157 

pico, guarded input circuit, 11-156 

six decade range, 11-153, 11-156 
amplifier, II-5-22, 111-10-21 

1 watt/2.3 GHz, 11-540 

2-30 MHz, 140W amateur radio linear, 
1-555 

2 to 6 W, with preamp, II451 
4W bridge, 1-79 

5W output, two-meter, 1-567 

6W 8-ohm ouput-transformerless, 1-75 

10 dB-gain, III-543 

10W power, 1-76 

10 x buffer, M28 

12 W low-distortion power, 1-76 

16 W bridge, 1-82 

26-watt, II452 

30 MHz, 1-567 

60 MHz, 1-567 

80 MHz cascade, 1-567 

80W PEP broadband/linear, 1-557 

100 MHz/400MHz neutralized common 

source, 1-565 
100W PEP 420450 MHz push-pull, I- 

554 
100 x buffer, 1-128 
135-175 MHz, 1-564 
160WTEP broadband, 1-556 
200 MHz neutralized common source, 

1-568 
450 MHz common-source, 1-568 
600 Wrf power, 1-559 
absolute value, 1-31 
ac servo, bridge type, 111-387 
AGC, 11-17 

AGC, squelch control, IH-33 
AGC, wide-band, HI-15 
adjustable gain noninverting, 1-91 
ambience, rear speaker, H-458 
AM radio power, 1-77 
attenuator and, digitally controlled, 1-53 
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audio, m-32-39 

audio, booster, 20 dB, EI-35 

audio, circuit bridge load drive, [11-35 

audio, distribution, 1-39, 11-39 

audio, low power, 11-454 

audio, Q-multiplier, 11-20 

audio, signal, 11-41-47 

audio, tone control, 11-686 

auto fade circuit for, 11-42 

automatic level control for, 11-20 

Av/200, stereo, 1-77 

balance, 11-46 

balance, loudness control, 11-47, 11-395 

balancing circuit, inverting, 1-33 

basic transistor, 1-85 

bass tone control, stereo phonograph, I- 
670 

bridge, 1-74 

bridge, ac servo, 1-458 

bridge, audio power, 1-81 

bridge transducer, m-71, 11-84, 1-351 

capactive load, isolation, [-34 

cascaded, 111-13 

chopper, +/-I5V., [11-12 

chopper channel, 1-350 

chopper stabilized, II-7 

clamp-limiting, active, HI-15 

color video, 1-34, IH-724 

common source low power, H-84 

complementary-symmetry audio, 1-78 

composite, [1-8, 111-13 

constant-bandwidth, 111-21 

current-shunt, DI-21 

current collector head, 11-11, 11-295 

dc servo, [-457 

dc to video log, 1-38 

detector and, MC1330/MC1352 used 
in, television IF, [-688 

differential, 01-14, 1-38 

differential, input instrumentation, 1-347 

differential, two op amp bridge type, II- 
83 

dynamic, ac-coupled, [11-17 

electrometer, overload protected, 11-155 

electronic balanced input microphone, I- 
86 

fast, dc-stabilized, 111-18 

fast, summing, 1-36 

FET cascade video, 1-691 

FET input, H-7 

flat response, 1-92, m-673 

forward-current booster, IH-17 

four quadrant photo-conductive detec- 
tor, 1-359 

gam-controlled, 111-34 

gate, 1-36 

hi-fi compander as, 11-12 

hi-fi expandor, 11-13 
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high gain differential instrumentation, 1- 
353 

high gain inverting ac, 1-92 

high impedance bridge, 1-353 

high impedance differential, 1-27, 1-354 

high impedance/high gain/high fre- 
quency, 1-41 

high impedance/low capacitance, 1-691 

high impedance/low drift, instrumenta- 
tion, 1-355 

high-input-high impedance 20 dB 
miciopower, 11-44 

high-input-impedance differential, 11-19 

high-performance FET, wideband UHF, 
1-560 

high speed current to voltage, 1-35 

high speed instrumentation, 1-354 

high speed sample and hold, 1-587 

high stability thermocouple, 1-355 

IF, 1-690 

infinite sample and hold, 11-558 

input/output buffer for analog multiplex- 
ers, III-ll 

instrumentation, III-278-284, 1-346, 1- 
348, 1-349, [-352, 1-354 

inverting, DI-14, 11-41, 1-42 

inverting gain of 2, lag-lead compensa- 
tion, UHF, 1-566 

inverting power, 1-79 

inverting unity gain, 1-80 

isolation rf, 11-547 

JFET bipolar cascade video, 1-692 

level-shifting isolation, 1-348 

linear, CMOS inverter in, 11-11 

line-operated, 111-37 

line-type, duplex, telephone, EI-616 

load line protected, 75W audio, 1-73 

logarithmic, [1-8 

logic (see logic amplifier) 

log ratio, 1-42 

loudness control, 11-46 

low-distortion audio limiter, 11-15 

low-level video detector circuit and, I- 
687 

low-noise broadband, 1-562 

low-power common source, 11-84 

low-signal level/high impedance instru- 
mentation, 1-350 

magnetic pickup hone, 1-89 

medical telemetry, isolation, 1-352 

meter-driver, rf, 1-MHz, III-545 

micro-sized, 111-36 

microphone, HI-34, 1-87 

monostable using, 11-268 

noninverting, HI-14, 1-32, 1-33, 141 

noninverting ac power, 1-79 

Norton, absolute value, IH-11 



op amp clamping far, 11-22 

op amp, intrinsically safe protected, III- 
12 

oscilloscope sensitivity, ID-436 

output, four-channel D/A, III-165 

phone, 1-81 

phono, 1-80 

photodiode, H-324, 1-361, IU-672 

photodiode, low-noise, 111-19 

playback, tape, III-672 

polarity-reversing low-power, 111-16 

power (see also power amps), [1-46, II- 
451, 111-450-456 

power, 90- W, safe area protection, II- 
459 

power GaAsFET with single supply, II- 
10 

pre-amp, NAB tape playback, profes- 
sional, m-38 

pre-amp, phono.magnetic, 111-37 

pre-amp, read-head, automotive cir- 
cuits, 111-44 

pre-amp, RIAA, 111-38 

precision, 1-40 

precision FET input instrumentation, I- 
355 

precision summing, 1-36 

precision weighted resistor programma- 
ble gain, H-9 

programmable, 11-334, HI-504-508 

pulse-width proportional controller 
circuit for, H-21 

PWM servo, III-379 

reference voltage, 1-36 

remote, [-91 

rf (see rf amplifier), 11-537 

selectable input, programmable gain, I- 
32 

servo, 400 Hz, 11-386 

servo motor, 1-452 

servo motor drive, 11-384 

signal distribution, 1-39 

sinewave output buffer, 1-126 

single-device, 80W/50-ohm, VHF, 1-558 

single supply, ac buffer, 1-126 

single supply, noninverting, [-75 

sound mixer and, 11-37 

speaker, hand-held transceivers, m-39 

speaker, overload protector for, 11-16 

speech compressor, 11-15 

split supply, noninverting, 1-75 

stable unity gain buffer. II-6 

standard cell, battery powered buffer, I- 
351 

standard cell, saturated, 11-296 

stereo, gain control, [1-9 

summing, 111-16, 1-37 

switching power, 1-33 
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tape playback, 1-92 

tape recording, 1-90 

telephone, 111-621 

thermocouple, IH-14, 1-654 

thermocouple, cold junction compensa- 
tion in, 11-649 

transducer, 1-86, III-669-673 

transistor headphone, 11-43 

tremolo circuit or, voltage-controlled, I- 
598 

triple op amp instrumentation, 1-347 

TV audio, IH-39 

two-meter 10W power, 1-562 

two-stage 60MHz IF, 1-563 

two-stage wideband, 1-689 

two-wire to four-wire audio converter, 
11-14 

ultra high frequency, 1-565 

ultra high gain audio, 1-87 

ultra high Z ac unity gain, II-7 

ultra low leakage preamp, II-7 

unity gain, 1-27 

variable gain, differential input instru- 
mentation, 1-349 

very high impedance instrumentation, I- 
354 

video, 1-692, IH-708-712 

voice activated switch, 1-608 

voltage, differential-to-single-ended, III- 
670 

voltage-follower, signal-supply operation, 
m-20 

voltage controlled, 1-31, 1-598 

voltage controlled, attenuator for, 11-18 

voltage controlled, variable gain, 1-28-29 

volume, 11-46 

walkman, 11-456 

wideband unity gain inverting, 1-35 

wide bandwidth, low noise/low drift, I- 
38 

wide frequency range, HI-262 

write, m-18 

x 10 operational, 1-37 

yl00T)perational, 1-37 
amplitude modulator, low distortion low 

level, H-370 
analog counter circuit, H-137 
analog multiplexer, 

buffered input/output, III-396 

single-trace to four-trace scope con- 
verter, H-431 
analog multiplier, 11-392 

0/01 percent, II-392 
analog-to-digital buffer, high speed 6-bit, 

1-127 
analog-to-digital converter, 11-23-31, III- 
22-26 
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8-bit successive approximation, 1-47 

10-bit, 11-28 

10-bit serial output, 11-27 

16-bit, 11-26 

capacitance meter, 3 1/2 digit, 111-76 

cyclic, 11-30 

differential input system for, 11-31 

fast precision, 1-49 

four-digit {10,000 count), 11-25 

half-flash, 111-26 

high speed 3-bit, 1-50 

high speed 12-bit, 11-29 

IC, low cost, 1-50 

LCD display, 3 1/2 digit, 1-49 

successive approximation, 11-24, 11-30, 
1-45 

switched-capacitor, 111-23 

three-decade logarithmic, 1-48 

tracking, 111-24 
analyzer, gas, 11-281 
AND gate, 1-395 

large fan-in, 1-395 
anemometer 

hot-wire, III-342 

thermally based, 11-241 
angle of rotation detector, 11-283 
announcer, ac line-voltage, III-730 
annunciators, HI-27-28, 11-32-34 

electronic bell, 11-33 

large fan-in, 1-395 

low-cost chime circuit, 11-33 

sliding tone doorbell, 11-34 
antennas, active, HI-1-2 
antitheft device, 1-7 

arc lamp, 25W, power supply for, 11-476 
arc welding inverter, ultrasonic, 20 KHz, 

m-7oo 

arc-jet power supply, starting circuit, D3- 

479 
astable flip flop with starter, 11-239 
astable multivibrator, UI-196, HI-233, Hl- 
238, D-269, H-510 

op amp, UI-224 

programmable-frequency, 1H-237 

square wave generation with, 11-597 
attendance counter, II-138 
attenuator, 111-29-31 

analog signals, microprocessor- 
controlled, III-101 

digitally programmable, HI-30 

digitally selectable precison, 1-52 

programmable, 111-30 

programmable (1 to 0.00001), 1-53 

variable, 1-52 

voltage-controlled, 11-18, 111-31 
-audible slow logic pulses, 11-345 
audio amplifier, 111-32-39 
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C, squelch control, IH-33 

audio booster, 20 dB, Hl-35 

audio circuit bridge load drive, 111-35 

complementary-symmetry, 1-78 

high slew rate power op amp, 1-82 

gain-controlled, stereo, 111-34 

line-operated, HI-37 

load line protection, 75W, 1-73 

low power, 11-454 

micro-sized, ID-36 

microphone, Hl-34 

mini-stereo, 111-38 

pre-amp, NAB tape playback, profes- 
sional, 111-38 

pre-amp, phono, magnetic, 111-37 

pre-amp, RIAA, D3-38 

speaker, hand-held transceivers, IH-39 

television type, IH-39 

tone control, 11-686 

ultra-high gain, 1-87 
audio automatic gain control, 11-17 
audio booster, 111-35, 11-455 
audio circuits 

biquad filter, IU-185 

bridge load drive, ItI-35 

carrier-current transmitter, HI-79 
audio clipper, precise, 11-394 
audio compressor, H-44 
audio continuity tester, 1-550 
audio converter, two-wire to four- wire, II- 

14 
audio distribution amplifier, 11-39, 1-39 
audio frequency meter, 1-311 
audio generator, D3-559 

one-IC, TI-569 

two-tone, 11-570 
audio LED bar peak program meter 

display, 1-254 
audio limiter, low distortion, 11-15 
audio miliivoltmeter, III-767, III-769 
audio mixer, 1-23, 11-35 
audio mixer, one transistor, 1-59 
audio notch filter, 11-400 
audio operated circuits (see sound oper- 
ated circuits) 
audio operated relay, 1-608 
audio oscillator, 11-24, 1-64, III-427 

20Hz to 20kHz, variable, 1-727 

light-sensitive, III-315 
sine wave, 11-562 
audio-controlled lamp, 1-609 
audio power amplifier, 11-451, IH-454 

20-W, HI-456 
50-W, IH-451 
6-W, with preamp, III-454 
bridge, 1-81 
audio power meter, 1-488 
audio-powered noise clipper, 11-396 
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audio Q multiplier, 11-20 
audro-rf signal tracer probe, 1-527 
audio signal amplifiers, 11-41-47 

audio compressor, 11-44 

auto fade, 11-42 

balance, 11-46 

balance and loudness amplifier, 11-47 

loudness, 11-46 

microphone preamp, 11-45 

micropower high-input-impedance 20-dB 
amplifier, 11-44 

power, 11-46 

stereo preamplifier, 11-43, 11-45 

transistor headphone amplifier, 11-43 

volume, 11-46 
audio sine wave generator, 11-564 
audio squelch, II-394 
audio switching/mixing, silent, 1-59 
audio waveform generators, precision, III- 

230 
auto-advance projector, 11-444 
auto battery charger, Ni-Cad , 1-115 
auto battery current analyzer, 1-104 
auto burglar alarm, II-2, 1-3, IH-4, III-7, 

1-7, 1-10 
autodrum sound effect, 11-591 
auto fade circuit, 11-42 
auto flasher, 1-299 

auto high speed warning device, 1-101 
auto lights-on reminder, 1-109 
auto-zeroing scale bridge circuits, 111-69 
automatic gain control, audio, 11-17 
automatic headlight dimmer, 11-63 
automatic keyer, 11-15 
automatic level control, 11-20 
automatic mooring light, 11-323 
automatic power down protection circuit, 

n-98 

automatic shutoff battery charger, 11-113 

automatic tape recording, 11-21 

automatic telephone recording device, II- 
622 

automatic TTL morse code keyer, 11-25 

automatic turn off for TV, 11-577 

automobile locator, m-43 

automotive circuits, 111-40-52, 11-48-63 
air conditioner smart clutch, 111-46 
automatic headlight dimmer, 11-63 
automobile locator, IH-43 
automotive exhaust emissions analyzer, 

11-51 
back-up beeper, 111-49 
bar-graph voltmeter, 11-54 
battery-alternator monitor, UI-63 
brake light, delayed extra,JII-44 
brake lights, flashing third, 111-51 
car horn, electronic, 111-50 
car wiper control, 11-62 
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courtesy light extender, HI-50 

delayed-action windshield wiper control, 
11-55 

digi-tach, 11-61 

directional signals monitor, IH-48 

door ajar monitor, IH-46 

electric vehicles, battery saver, HI-67 

garage stop light, 11-53 

glow plug driver, 11-52 

headlight alarm, ni-52 

headlight delay circuit, m-49, 11-59 

headlight dimmer, 11-57 

ice formation alarm, 11-58 

ignition substitute, III41 

ignition timing light, 11-60 

immobilizer, 11-50 

intermittent windshield wiper with 
dynamic braking, 11-49 

lights-on warning, [11-42, 11-55 

PTC thermistor automotive tempera- 
ture indicator, 11-56 

read-head pre-amplifier, 111-44 

road ice alarm, 11-57 

slow-sweep wiper control, 11-55 

tachometer, set point, 111-47 

tachometer/dwell meter, 111-45 

voltage regulator, 111-48 
automotive exhaust emissions analyzer, II- 

51 
auto turn signals, sequential flasher for, 
11-109, HI-1 



B 



back-biased GaAs LED light sensor, II- 

321 
back EMF PM motor speed control, II- 

379 
balanced input microphone amplifier, 

electronic, 1-86 
balanced microphone preamp, low noise 

transformerless, 1-88 
balanced modulator, III-376 
balancer, stereo, 1-619 
bargraph car voltmeter, 1-99 
barricade flasher, 1-299 
battery charge/discharge indicator, 1-122 
balance amplifier, IH-46 

loudness control in, 11-395 
balance and loudness amplifier, 11-47 
balance indicator, bridge circuit, H-82 
band reject filter, active, 11-401 
bandpass filter, 11-222 

active, III-190, 11-221, 11-223 

Chebyshev fourth-order, III-191 

multiple feedback, 11-224 

notch and, 11-223 

second-order biquad, Hl-188 



code scanner, III-363 
bar expanded scale meter, 11-186 
bargraph 

ac signal indicator, 11-187 

voltmeter, 11-54 
basic single-supply voltage regulator, 11-471 
bass tuner,II-362 

12 V, 1-111 

200 mA-hour, 12V Ni-Cad, 1-114 

automatic shutoff for, 1-113 
batteries 

fixed power supply, 12-VDC/120-VAC, 
IIW64 

high-voltage generator, 111-482 
battery charger, m-53-59, n-64, 11-69, 1- 
113 

constant voltage, current limited, 1-115 

control for 12V, 1-112 

current limited 6V, 1-118 

gel cell, 11-66 

lead/acid, ffl-55 

lithium, 11-67 

low-battery detector, lead-acid, HI-56 

low-battery warning, 111-59 

low-cost trickle for 12V storage, 1-117 

Ni-Cad, 1-118 

ni-cad zapper, 11-66 

portable, ni-cad, HI-57 

power supply and, 14V, III-4A, 11-73 

PUT, 111-54 

regulator for, 1-117 

simpli-Cad, [-112 

solar cell, 11-71 

thermally controlled ni-cad, 11-63 

UJT, UI-56 

universal, 111-56, IH-58 

versatile design, 11-72 

voltage detector relay for, 11-76 

wind powered, H-70 
battery condition checker, 1-108 
battery condition indicator, 1-121 
battery indicator, low, 1-124 
battery instruments, bipolar power supply 

for, IM75 
battery lantern circuit, 1-380 
battery level indicator, 11-124 
battery monitor, DI-60-67, 11-74-79, 1-106 

analyzer, ni-cad batteries, HI-64 

automatic shutoff, battery-powered 
projects, 111-61 

battery saver, electric vehicles, IH-67 

battery status indicator, 11-77 

battery-life extender, 9 V, HI-62 

capacity tester, 111-66 

dynamic, constant current load fuel cell/ 
battery tester, 11-75 

lithium battery, state of charge indicator, 
II-78 
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battery monitor (con't.) 

low-battery detector, 111-63 

low-battery indicator, 11-77 

low-battery protector, 111-65 

low-battery warning/disconnect, 111-65 

protection circuit, ni-cad batteries, III- 
62 

sensor, quick-deactivating, IH-61 

splitter, 111-66 

step-up switching regulator for 6V, 11-78 

voltage, 11-79 

voltage detector relay in, II-76 
battery-life extender, 9 V, 111-62 
battery-operated equipment, 

automatic shutoff, 111-61 

undervoltage indicator for, 1-123 
battery-operated flasher, high powered, II- 

229 
battery-powered buffer amplifier for 

standard cell, 1-351 
battery-powered calculators/radios/ 

cassette players, power pack, 1-509 
battery-powered fence charger, 11-202 
battery-powered light, capacitance oper- 
ated, 1-131 
battery-powered warning light, 11-320 
battery status indicator, 11-77 
battery threshold indicator, 1-124 
battery voltage indicator, solid state, 1-120 
battery voltage monitor, 11-79 

HTS, precision, 1-122 
battery zapper, simple Ni-Cad, 1-116 
beacon transmitter, III-683 
beep transformer, III-555, III-566 
beeper 

back-up, automotive circuits, 111-49 

repeater, 1-19 
bell, electronic, 11-33 
bell, electronic phone, 1-636 
bench top power supply, 11-472 
bidirectional intercom -system, III-290 
bidirectional proportional motor control, 

11-374 
bilateral current source, III-469 
binary counter, 11-135 
biomedical instrumentation differential 

amplifier, III-282 
bipolar dc-dc converter with no inductor, 

11-132 
bipolar power supply, 11-475 
bipolar voltage reference source, III-774 
biquad audio filter, 111-185 

second-order bandpass, III-188 
bird chirp sound effect, III-577, H-588 
blinker {see also flashers), III-193, 11-225 

fast, 1-306 

neon, 1-303 

telephone, 11-629 
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blown-fuse alarm, 1-10 
boiler control, 1-638 
bongos, electronic, 11-587 
booster 

audio, 111-35,11-455 

forward-current, 111-17 

LED, 1-307 

shortwave FET, 1-561 

12ns, 11-97 

high speed electronic, 11-96 
bootstrapping, cable, 1-34 
brake light, 

extra, delayed, DI-44 

flashing, extra, 111-51 
brake, PWM speed control/energy recov- 
ering, 111-380 
breaker 

12ns, 0-97 

high speed electronic, 11-96 
breaker power dwell meter, 1-102 
breakout box, buffer, 11-120 
breath alert alcohol tester, IH-359 
breath monitor, III-350 
bridge balance indicator, 11-82 
bridge circuit, 111-68-71, 11-80-85, 1-552 

ac, 11-81 

ac servo amplifier with, III-387 

accurate null/variable gain circuit, 111-69 

auto-zeroing scale, 111-69 

balance indicator, 11-82 

bridge transducer amplifier, 111-71 

low power common source amplifier, II- 
84 

QRP SWR, III-336 

remote sensor loop transmitter, 111-70 

strain gauge signal conditioner, 111-71, 
11-85 

transducer, amplifier for, 11-84 

two op amp differential amplifier using, 
11-83 

Wen bridge, variable oscillator, HI-424 

Wien-bridge filter, III-659 

Wien-bridge oscillator, IH-429 

Wen-bridge oscillator, low-distortion, 
thermally stable, III-557 

Wien-bridge oscillator, low-voltage, III- 
432 

Wien-bridge oscillator, single-supply, III- 
558 
bridge load driver, audio circuit, 111-35 
brightness control, III-308 

LED, 1-250 

■low loss, 1-377 
broadcast band rf amplifier, 111-264, 11-546 
buck converter, 5V/0.5A, 1-494 
buck/boost converter, UI-113 
bucking regulator, high-voltages, HI-481 



capacitance, low-input, IH-498 

capacitance, stabilized low-input, III-502 

high impedance low capacitance wide- 
band, 1-127 

high resolution ADC input, 1-127 

high speed 6-bit A/D, 1-127 

high speed single supply ac, 1-127, 1-128 

input/output, for analog multiplexers, Hl-ll 

stable, high impedance, 1-128 

unity gain, stable, good speed and high 
input impedance, n-6 

video, low-distortion, 111-712 
buffer amplifier 

100 x, 1-128 

10 x, 1-128 

sinewave output, 1-126 

single supply ac, 1-126 

standard cell battery powered, 11-351 
buffered breakout box, 11-120 
bug detector, III-365 
bug tracer, 01-358 
bull hom, IL453 
burglar alarm 

auto, II-2 

one-chip, III-5 
burst generator, IH-72-74, 11-86-90 

multi-, square waveform, H-88 

rf, portable, 111-73 

single timer IC square wave, H-89 

single tone, 11-87 

strobe tone, 11-90 

tone, 11-90 

tone burst, European repeaters, 111-74 
burst power control, HI-362 
bus interface, eight bit uP, 11-114 
buzzer 

continuous tone 2kHZ, 1-11 

gated 2kHz, 1-12 



cable bootstrapping, 1-34 

cable tester, III-53S 

calibrated circuit, DVM auto, 1-714 

calibrated tachometer, III-598 

calibration standard,, precision, 1-406 

calibrator 

100kHz crystal, 1-185 

5.0V square wave, 1-423 

oscilloscope, 11-433, 111-436 

portable, 1-644 
camera alarm trigger, HI-444 
camera link, video, wireless, III-718 
canceller, central image, HI-358 
capacitance buffer 

low-input, III-498 
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stabilized low-input, III-502 
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capacitance meter, 111-75-77, H-91-94, I- 
400 

A/D, three-and-a-half digit, UI-76 

capacitance to voltage, 11-92 

digital, 11-94 
capacitance multiplier, 11-200, M16 
capacitance operated battery powered 

light , 1-131 
capacitance relay, 1-130 
capacitance switched light, 1-132 
capacitance to pulse width converter, II- 

126 
capacitance to voltage meter, 11-92 
capacitor discharge, 

high-voltage generator, HI-485 

ignition system, 11-103 
capacity tester, battery, 111-66 
car alarm, motion actuated, 1-9 
car battery condition checker, 1-108 
car battery monitor, 1-106 
car horn, HI-50 
car port, automatic light controller for, D- 

308 
car radio, receiver for, H-525 
car voltmeter, bargraph, 1-99 
car wiper control, 11-62 
carrier-current, HI-78-82 

AM receiver, 111-81 

audio transmitter, IH-79 

FM receiver, HI-80 

intercom, 1-146 

power-line modem, 111-82 

receiver, 1-143 

receiver, single transistor, 1-145 

reciever, 1C, 1-146 

remote control, 1-146 

transmitter, 1-144 

transmitter, integrated circuit, 1-145 
carrier operated relay, 1-575 
carrier system receiver, 1-141 
carrier transmitter with on/off 200kHz 

line, 1-142 
cascaded amplifier, 111-13 
cassette bias oscillator, 11-426 
cassette interface, telephone, III-618 
centigrade thermometer, H-648, 1-655, II- 

662 
central image canceller, III-358 
charge compensated sample and hold, II- 

559 
charge pool power supply, III-469 
charge pump, positive input/negative 

output, III-360, WIS 
chargers {see battery charger) 
chase circuit, ffl-197, 1-326 
Chebyshev filter 

bandpass, fourth-order, HI-191 



n-219 

high-pass, fourth-order, III-191 
chime circuit, low-cost, 11-33 
chopper amplifier, II-7, 111-12, 1-350 
checker 
- buzz box continuity and coil,I-551 

car battery condition, 1-108 

crystal, 1-178, M86 

zener diode, 1-406 
chroma demodulator with RGB matrix, 

m-716 

chug-chug sound generator, III-576 
circuit breaker 

12ns, n-97 

ac, III-512 

high speed electronic, 11-96 
circuit protection circuit, 11-95-99 

12ns circuit breaker, 11-97 

automatic power down, 11-98 

electronic crowbar, 11-99 

high speed electronic circuit breaker, II- 
96 

line dropout detector, 11-98 

low voltage power disconnector, 11-97 

overvoltage, 11-96 
clamp-on-current probe compensator, II- 

501 
clamp-limiting amplifiers, active, HI-15 
clamping circuit 

video signal, ffl-726 

video summing amplifier and, III-710 
class-D power amplifier, III-453 
clipper, 11-394 

audio-powered noise, H-396 
clock circuits, 111-83-85, 11-100-102 

60Hz clock pulse generator, II-102 

adjustable TTL, 1-614 

comparator, 1-156 

digital, with alarm, IH-84 

gas discharge displays, HI-12-hour, I- 
253 

oscillator/clock generator, 111-85 

phase lock, 20-Mhz to Nubus, III-105 

single op amp, 111-85 

three phase from reference, 11-101 

TTL, wide-frequency, IH-85 

Z80 computer, 11-121 
clock generator 

oscillator, 1-615 

precision, 1-193 
clock pulse generator, 60 Hz, 11-102 
clock radio, 1-542 

AM/FM, 1-543 
clock source, 1-729 
closed loop tachometer feedback control, 

II-390 
closed-loop tracer, HI-356 



OS circuits 

555 astable true rail to rail square wave 
generator, 11-596 

9-bit, m-167 

coupler, optical, IH-414 

crystal oscillator, III-134 

data acquisition system, 11-117 

flasher, IH-199 

inverter, linear amplifier from, II-ll 

mixer, 1-57 

optical coupler, HI-414 

oscillator, III-429, 111-430 

programmable precision timer, III-652 

short-pulse generator, IH-523 

touch switch, 1-137 

universal logic probe, 111-499 
coaxial cable, five transistor pulse booster 

for, 11-191 
code-practice oscillator, 1-15, 1-20, 1-22, 

11-428 431 
coil drivers, current-limiting, III-173 
coin flipper circuit, 111-244 
cold junction compensation, thermocouple 

amplifier with, 11-649 
color amplifier, video, HI-724 
color organ, 11-583, 11-584 
color video amplifier, 1-34 
Colpitis crystal oscillator, D-147 
common-gate amplifiers, rf, 450-MHz, IH- 

544 
communication system, optical, 1-358, II- 

416 
combination lock 

electronic, 11-196 

electronic, three-dial, 11-195 
commutator, four-channel, 11-364 
compander, hi-fi, H-12 

clock circuit, 1-156 
comparator, 111-86-90, H-103-112, 1-157 

demonstration circuit, H-109 

"diode feedback, M50 

display and, 11-105 

double-ended limit, 11-105, 1-156 

dual limit, 1-151 

four-channel, IH-90 

frequency, 11-109 

frequency-detecting, 111-88 

high impedance, 1-157 

high input impedance window compara- 
tor, 11-108 

high-low level comparator with one op 
amp, 11-108 

latch and, 111-88 

LED frequency, 11-110 

limit, 11-104, 1-156 

low power, less than lOuV hysteresis, 
H-104 

microvolt, dual limit, 111-89 
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comparator (cob 7.) 

microvolt, with hysteresis, 111-88 
monostable using, 11-268 
opposite polarity input voltage, 1-155 
oscillator, tunable signal, 1-69 
power supply overvoltage, glitches 

detection with, 11-107 
precision, balanced input/variable offset, 

ni-89 

precision, photodiode, 1-360, 1-384 

time out, 1-153 

TTL-compatible Schmitt trigger, 11-111 

variable hysteresis, 1-149 

voltage monitor and, 11-104 

window, 111-87, 111-90, 11-106, 1-152, 1- 

154, III-776-781 
with hysteresis, 1-157 
with hysteresis, inverting, 1-154 
with hysteresis, noninverting, 1-153 
compass, Hall-effect, 111-258 
compensator, clamp-on-current probe, II- 

501 
composite amplifier, II-8, 111-13 
composite-video signal text adder, 111-716 
compressor/expander circuits, 111-91-95 
audio, 11-44 

hi-fi, de-emphasis, 111-95 
hi-fi, pre-emphasis, 111-93 
low-voltage, 111-92 
speech, II-2 
variable slope, 111-94 
computalarm, 1-2 

computer circuit, 111-96-108, 11-113-122 
8-bit uP bus interface, 11-114 
8048/IM80C48 8-char/16-seg ASCII 

triplex LCD, 11-116 
buffered breakout box, 11-120 
clock phase lock, 20-Mtaz-to-Nubus, III- 

105 
CMOS data acquisition system, 11-117 
data separator for floppy disks, II-122 
EEPROM pulse generator, 5V-powered, 

111-99 
eight-channel mux/demux system, II- 

115 
eight-digit microprocessor display, III- 

106 
flip-flop inverter, spare, HI-103 
high speed data acquisition system, II- 

118 
interface, 680x, 650x, 8080 families, 

ni-98 

logic line monitor, III-108 

long delay line, logic signals, III-107 

microprocessor selected pulse width 

control, 11-116 
multiple inputs detector, 111-102 
one-of-eight channel transmission 
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RGB blue box, 111-99 

RS-232 dataselector, automatic, 111-97 

RS-232-to-CMOS line receiver, 111-102 

RS-232C LED circuit, IH-103 

signal attenuator, -analog, 
microprocessor-controlled, IH-101 

socket debugger, coprocessor, III-104 

speech synthesizer for, III-732 

Vpp generator for EPROMs, 11-114 

XOR gate up/down counter, III-105 

Z80 clock, 11-121 
computers 

memory saving power supply for, II488 

power supply watchdog for, 11-494 

uninterruptible power supply for, 11-462 
constant-bandwidth amplifiers, 111-21 
constant-current charging time delay, II- 

668 
constant-current stimulator, III-352 
constant-voltage, current limited charger, 

1-115 
contact switch, 1-136 
continuity tester, 111-345, 11-533, 11-535, 
IH-538-540 

adjustable audible, 11-536 

cable tester, III-539 

PCB, 11-342, 11-535 
continuous-tone 2kHz buzzer, Ml 
contrast meter, 11-447 

automatic, 1-472 
control circuit 

dc motor speed/direction, 1-452 

high Z input, hi-fi tone, 1-676 

hysteresis-free phase, 1-373 

tone, 1-677 

water-level sensing, 1-389 
controller, III-378-390 

860 W limited range low cost precision 
light, 1-376 

ac servo amplifier, bridge-type, III-387 

boiler, 1-638 

built-in self timer, universal motor, 1-451 

dc motor speed, 1-454 

direction, series-wound motors, 1-448 

direction, shunt-wound motors, 1-456 

driver, motor, constant-speed, III-386 

driver, motor, dc, speed-controlled 
reversible, 111-388 

driver, motor, dc, with fixed speed 
control, III-387 

fan speed, III-382 

feedback speed, [-447 

floodlamp power, 1-373 

fluid level, 1-387 

full-wave SCR, 1-375 

heater, 1-639 

high-power, sensitive contacts for, L371 



quality tone, 1-675 
high torque motor speed, 1-449 
IC preamplifier with tone, 1-673 
induction motor, 1-454 
LED brightness, 1-250 
light-level, 1-380 
liquid level, 1-388 

load-dependent, universal motor, 1-451 
low loss brightness, 1-377 
model train or car, 1-455 
model train speed, 1-453 
motor speed, H-455, 1-450, 1-453 
motor-speed, closed-loop, HI-385 
motor-speed, high-efficiency, HI-390 
motor-speed, switched-mode, III-384 
motor-speed, tachless, HJ-386 
on/off, 1-665 
power tool torque, 1-458 
PWM motor controller, 111-389 
PWM servo amplifier, III-379 
PWM speed control/energy-recovering 

brake, III-380 
radio control motor speed, 1-576 
sensitive contact, high power, 1-371 
servo system, III-384 
single-setpoint temperature, 1-641 
speed, shunt-wound motors, 1-456 
speed, feedback, 1-447 
speed, model train or car, 1-455 
speed, series-wound motors, 1-448 
speed, tools or appliances, 1-446 
start-and-run motor circuit, III-382 
stepping motor drive, III-390 
switching, IH-383 
temperature, 1-641-643 
temperature-sensitive heater, 1-640 
three-band active tone, 1-676 
three-channel tone, 1-672 
three-phase power-factor, H-388 
universal motor speed, 1457 
voltage-, pulse generator and, HI-524 
windshield wiper hesitation, 1-105 
windshield wiper, 1-105 
with buffer, active bass/treble tone, I- 

674 
conversion 
negative input voltage, V/F, 1-708 
positive input voltage, V/F, 1-707 
converter, UI-109-122, 11-123-132, 1-503 
3-5 V regulated output, III-739 
4-18 MHz, rn-ii4 
5V-to-isolated 5V at 20MA, III-474 
5V/0.5A buck, 1494 
8-bit AID, III44, 1-46 
8-bit D/A, 1-240-241 
8-bit successive approximation A/D, I- 

47 
8-bit tracking A/D, 146 
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10 bit D/A, 1-238 

10 Hz to 10kHz voltage/frequency, I- 
706 

12 V to 9, 7.5, or6 V, 1-508 

12-to-16 V, UI-747 

14-bit binary D/A, 1-237 

+ 50V feed forward switch mode, [-495 

+ 50 V push-pull switched mode, 1-494 

100 MHz, 11-130 

100 V/10.25 A switch mode, 1-501 

400 V, 60 W push pull dc/dc, 1-210 

ac-to-dc, 1-165 

analog-to-digital, HI-22-26, IH-22 

BCD to analog, 1-160 

bipolar dc to dc, no inductor, 11-132 

buck/boost, III-113 

calculator to stopwatch, 1-153 

capacitance to pulse width, 11-126 

current to voltage, 1-162, 1-165 

current to voltage, grounded bias and 
sensor, 11-126 

D/A, n-179-181 

dc 10kHz frequency/voltage, 1-316 

dc-dc, isolated +15V., IEI-115 

dc-dc regulating, 111-121, 1-211 

dc-dc, step up-step down, HI-118 

dc-to-dc, 3-25 V, III-744 

digital frequency meter, frequency-to- 
voltage, 1-317 

fast logarithmic, 1-169 

fast precision A/D, 1-49 

fast voltage output D/A, 1-238 

feed power supply, HM70 

flyback, 1-211 

flyback, voltage, high-efficiency, III-744 

frequency, 1-159 

frequency-to- voltage, 1-318, HI-219-220 

high impedance precision rectifier for 
ac/dc, 1-164 

high speed 3-bit A/D, 1-50 

high speed 8-bit D/A, 1-240 

high-to-low impedance, 1-41 

LCD display, 3 1/2 digit A/D, 1-49 

light intensity to frequency, 1-167 

low/frequency, III-lll 

muliplexed BCD to parallel, 1-169 

offset binary coding, 10-bit 4 quadrant 
multiplying D/A, 1-241 

ohms to volts, 1-168 

oscilloscope, 1-471 

photodiode current to voltage, 11-128 

pico ampere 70 voltage with gain, 1-170 

PIN photodiode-to-frequency, III-120 

polarity, 1-166 

positive-to-negative, 111-112, m-113 

power voltage to current, 1-163 

precision 12-bit D/D, 1-242 

precision peak to peak ac-dc, 11-127 
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pulse height-to-width, III-119 
pulse train-to-sinusoid, IH-122 
pulse width-to-voltage, III-117 
regulated 15-Vout 6-V driven, 111-745 
regulated dc to dc, 11-125, 1-210 
resistance to voltage, 1-161-162 
RGB-composite video signals, 111-714 
RMS-to-dc, II-129, 1-167 
TtMS-to-dc, 50-MHz thermal, IH-117 
self oscillating flyback, 11-128, 1-170 
shortwave, III-114 
simple frequency to voltage, 1-318 
simple LF, 1-546 
sine wave to square wave, 1-170 
square-to-sine wave, IH-118 
temperature-to-frequency, 1-168 
temperature-to-time, 111-632-633, HI- 

632 
three-decade log A/D, M8 
three-IC low cost A/D, 1-50 
triangle to sine, H-127 
TTL square wave to triangle wave, II- 

125 
TTL-to-MOS logic, 11-125, 1-170 
two-wiie to four-wire audio, 11-14 
ultraprecision V/F, 1-708 
unipolar-to-dual voltage supply, III- 743 
VLF, 1-547 

voltage ratio-to-frequency, HI- 116 
voltage, IH-742-748, III-742 
voltage, offline, 1.5-W, HI-746 
voltage-to-current, 11-124, 1-166 
voltage-to-current, zero IB error, III- 

120 
voltage-to-frequency, 1-707, IH-749-757 
voltage-to-frequency, 10 Hz-to-lOKHz, 

m-iio 

voltage-to-pulse duration, 11-124 

wide range current to frequency, 1-164 

zener regulated frequency to voltage, I- 
317 
coprocessor socket debugger, III-104 
countdown timer, 11-680 
counter, III-123-130, 11-133-139 

8-digit up/down, 11-134 

10 MHz universal, 11-139, 1-255 

20 kHz ring, 11-135 

100 MHz frequency, period, 11-136 

analog circuit, 11-137 

attendance, 11-138 

binary, 11-135 

CMOS programmable divide by N , I- 
257 

frequency, III-340, HI-768 

frequency, 1.2 GHz, III-129 

frequency, 10-MHz, HI-126 

frequency, low-cost, IH-124 



frequency, preamp, III-128 

frequency, tachometer and, 1-310 

geiger, 1-536-537 

odd-number divider and, HI-217 

preamplifier, oscilloscope/, III-438 

precision frequency, 1-253 

programmable, low-power wide-range, 
HI-126 

ring, incandescent lamp, 1-301 

ring, low cost, 1-301 

ring, SCR, IH-195 

ring, variable timing, 11-134 

universal, 40-MHz, IH-127 

up/down, extreme count freezer, III-125 

up/down, XOR gate, III-105 
coupler 

CMOS, optical, Hl-414 

linear, ac analog, 11-412 

linear analog, 11-413 

linear, dc, H-411 

photon, 11-412 

transmitter oscilloscope for CB signals, 
1473 

TTL, optica], IH-416 
courtesy light delay switch, automotive 

circuits, 111-42 
courtesy light extender, UI-50, 1-98 
CRO doubler, IH-439 
cross fader, 11-312 

cross-hatch generator, color TV, III- 724 
crossover network, 11-35 

5V, 1-518 

ac/dc lines, electronic, 1-515 

active, 1-172 

active, asymmetrical third order But- 
terworth, 1-173 

electronic circuit for, 11-36 
crowbar 

electric, III-510 

electronic, H-99 

SCR, H-496 

simple, 1-516 
crystal calibrator, 100 kHz, 1-185 
crystal checker, 1-178, 1-186 
crystal controlled Butler oscillator, 1-182 
crystal controlled sine wave oscillator, I- 

198 
crystal OF-1 HI oscillator, international, 1- 

197 
crystal OF-1 LO oscillator, international, I- 

189 
crystal oscillator, IH-131-140, H-140-151, 
1-180, 1-183, 1-185, 1-198 

1 MHz FET, 11-144 

10 MHz, 11-141 

CMOS, Hl-134, 1-187 

Colpitts, n-147 

crystal-controlled oscillator as, 11-147 
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crystal oscillator (can't.) 
crystal-stabilized IC timer for subhar- 

monic frequencies, 11-151 
crystal tester, 11-151 
doubler and, 1-184 
easy start-up, III-132 
fundamental-frequency, III-132 
high frequency, 11-148, 1-175 
high frequency signal generator as, II- 

150 
IC-compatible, 11-145 
JFET Pierce, 1-198 
LO for SSB transmitter controlled by, 

11-142 
low-frequency-10 kHz to 150 kHz, II- 

146 
low-frequency, 1-184 
low-noise, 11-145 
low-power 5V driven temperature 

compensated, 11-142 
marker generator, 111-138 
mercury cell crystal-controlled oscillator 

as, 11-149 
overtone, III-146, 1-176, 1-177, 1-180 
parallel-mode aperiodic, 1-196 
Pierce, 11-144 
Pierce, 1-MHz, III-134 
Pierce, low-frequency, III-133 
quartz, two-gate, III-136 
reflection oscillator, crystal-controlled, 

III- 136 
Schmitt trigger, 1-181 
signal source controlled by, 11-143 
simple TTL, 1-179 
stable low frequency, 1-198 
standard, 1 MHz. 1-197 
temperature-compensated, HI- 137, 1- 

187 
third-overtone, 1-186 
TTL-compatible, 1-197 
tube-type, 1-192 

varactor tuned 10 MHz ceramic oscilla- 
tor, 11-141 
VHF, 100-MHz, IIM39 
VHF, 20-MHz, III-138 
VHF, 50-MHz, III-140 
voltage-controlled, III-135 
crystal-controlled oscillator, 1-195 

transistorized, 1-188 
crystal-controlled reflection oscillator, III- 

136 
crystal switching, overtone oscillator with, 

1-183 
crystal-stabilized IC timer for subharmonic 

frequencies, 11-151 
crystal tester, 11-151 
current analyzer, auto battery, 1-104 
current booster, 1-30, 1-35 
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295 
current limited charger, constant voltage, 

1-115 
current meter, 11-152-157 
current sensing in supply rails, 11-153 
electrometer amplifier with overload 

protection, 11-155 
guarded input pico ammeter circuit, II- 

156 
pico ammeter, 11-154, H-157 
six decade range ammeter, 11-153, II- 
156 
current monitor, 1-203 

Hall-effect circuit, III-255 
current monitor/alarm, HJ-338 
current readout, rf, 1-22 
current sensing, supply rails, 11-153 
current sink, precision, 1-206 
current source, 1-205 
bilateral, III-469, 1-694-695 
constant, safe, HI-472 
current, 1-697 
inverting bipolar, 1-697 
noninverting bipolar, 1-695 
precision, 1-205 
precision, 1mA to 1mA, 1-206 
regulator and, variable power supply, 

III-490 
voltage-controlled, grounded source/ 
load, III468 
current-limiting coil drivers, III-173 
current-shunt amplifiers, 111-21 
cunent-to-frequency converter, wide 

range, 1-164 
current-to-voltage amplifier, high speed, I- 

35 
current-to-voltage converter, 1-162, 1-165 
grounded bias and sensor in, 11-126 
photodiode, U-128 
curve tracer, FET, 1-397 
CW radio 
filter, razor sharp, 11-219 
transmitter, 1-W, III-678 
transmitter, 40-M, III-684 
transmitter, 902-MHz, 111-686 
transmitter, QRP, HI-690 
cyclic A/D converter, 11-30 



darkroom timer, 1480 
darkroom enlarger timer, IH-445 
data acquisition 

CMOS system for, 11-117 

four channel, 1-421 

high speed system for, 11-118 
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data read circuit, 5MHz phase-encoded, 

11-365 
data selector, RS-232, 111-97 
data separator floppy disk, 11-122 
dc adapter/transceiver, hand-held, HI-461 
dc generators, high-voltage, III-481 
dc lamp dimmer, 11-307 
dc linear coupler, 11-411 
dc motor speed control, 11-380 
dc restorer, video, III-723 
dc servo drive, bipolar control input, II- 

385 
dc-stabilized fast amplifiers, 111-18 
dc static switch, 11-367 
dc-to-dc converter 
3-25V, III-744 
bipolar, no inductor, 11-132 
dual output + /- 12-15V, 111-746 
isolated +15V, ni-115 
regulated, 111-121, 11-125 
step up/step down, III-118 
dc to dc SMPS variable 18 to 30 V out at 

0.2A power supply, IW80 
debouncer, switch, 01-592 
debugger, coprocessor sockets, III-104 
decibel level detector, audio, with meter 

driver, III-154 
decoder, III-141-145, 11-162 
10,8 MHz FSK,"1-214 
24-percent bandwidth tone, 1-215 
direction detector, 111-144 
dual-tone, 1-215 
encoder and, 111-144 
frequency division multiplex stereo, II- 

169 
PAL/NTSC, with RGB input, III-717 
radio control receiver, 1-574 
SCA, III-166, m-170, 1-214 
second-audio program adapter, HI-142 
sound-activated, III-145 
stereo TV, 11-167 

time division multiplex stereo, 11-168 
tone alert, 1-213 
tone dial, 1-631 
tone dial sequence, 1-630 
tone, III-143, 1-231 
tone, dual time constant, 11-166 
tone, relay output, 1-213 
delay circuit, III-146-148 
adjustable, III-148 
headlights, 11-59 
leading-edge, III- 147 
precision solid state, 1-664 
pulse, dual-edge trigger, III-147 
delayed-action windshield wiper control, 

11-55 
delayed pulse generator, 11-509 
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delay unit 

door chimes, 1-218 

headlight, 1-107 

long duration time, 1-220 

long time, 1-217 

simple time, 11-220, 1-668 

universal wiper, 1-97 
demodulator, IH-149-150, 11-158-160 

5V FM, 1-233 

12V FM, 1-233 

565 SCA, IIM50 

AM, H-160 

chroma, with RGB matrix, III-716 

FM, 11-161 

linear variable differential transformer 
driver, 1-403 

LVDT circuit, IH-323-324, IH-323 

LVDT driver and, 11-337 

narrow band FM, carrier detect in, II- 
159 

stereo, 11-159 

telemetry, 1-229 
demonstration comparator drcuit, 11-109 
demultiplexer, III-394 
descrambler, H-162 

gated pulse, 11-165 

outband, 11-164 

sine wave, IT-163 
detect and hold, peak, 1-585 
detection switch, adjustable light, 1-362 
detector (see also alarms; sensors), III- 
151-162, 11-171-178 

air flow, 1-235, 11-240-242 

air motion, 1-222, III-364 

amplifier, four quadrant photoconduc- 
tive, 1-359 

angle of rotation, 11-283 

bug, III-365 

circuit for, video IF amplifier/low level 
video, 1-687-689 

decibel level, audio, with meter driver, 

ra-154 

double ended limit, 1-230, 1-233 

edge, III-157, 1-226 

electrostatic, m-337 

envelope, precision, HI-155 

name, HI-313 

flow, III-202-203, ni-202 

flow, low-rate thermal, III-203 

fluid and moisture, UI-204-210, 11-243- 

248 
frequency limit, 11-177 
frequency window, UI-777 
frequency, digital, IH-158 
frequency-boundary, HI-156 
gas, III-246-253, 11-278 
gas and smoke, 1-332 



high frequency peak, 11-175 

high speed peak, 1-232 

infrared, m-276, H-289 

IR, long-range objects, III-273 

level, 11-174 

level, with hysteresis, 1-235 

light interruption, 1-364 

light level, III-316 

line-current, optically coupled, IU-414 

liquid level, 1-388, 1-390 

low-light level drop, m-313 

low line loading ring, 1-634 

low voltage, 1-224 

magnetic transducer, 1-233 

MC1330/MC1352 television IF ampli- 
fier in, I.-688 

metal, H-350-352 

missing pulse, HI-159, 1-232 

moisture, 1-442 

motion, UHF, 111-516 

multiple-input, computer circuit, III-102 

negative peak, 1-234 

nuclear particle, 1-537 

null, 1-148, III-162 

peak program, III-771 

peak, 11-174, 11-175 

peak, analog, with digital hold, III-153 

peak, digital, HI-160 

peak, high-bandwidth, IH-161 

peak, low-drift, IH-156 

peak, negative, 1-225 

peak, positive, III-169 

peak, wide-bandwidth, III-162 

peak, wide-range, IH-152 

pH level, probe and, III-501 

phase, 111-440-142 

phase, 10-bit accuracy, II-176® 

positive peak, 1-225, 1-235 
power loss, 11-175 
precision peak voltage, 1-226 
precision photodiode level, 1-365 
product, 1-223, 1-861 
proximity, 11-135, 11-136, 1-344 
pulse coincidence, 11-178 
pulse sequence, 11-172 
pulse-width, out-of-bounds, IH-158 
radar (see radar detector), 
radiation (see radiation detector) 
resistance ratio, 11-342 
rf, 11-500 

Schmitt trigger, 111-153 
smoke, III-246-253, 11-278 
smoke, ionization chamber, 1-332-333 
smoke, operated ionization type, 1-596 
smoke, photoelectric, 1-595 
speech activity on phone lines, 111-615, 

n-6i7 



ring, HI-619 



telephone ring, optically interfaced, III- 
611 

threshold, precision, III-157 

tone, 500-Hz, 111-154 

toxic gas, n-280 

true rms, 1-228 

TV sound IF/FM IF amplifier with 
quadrature, 1-690 

ultra-low drift peak, 1-227 

voltage level, 1-8, 11-172 

window, 1-235, ffl-776-781 

zero crossing, 11-173, 1-732, 1-733 

zero crossing, with temperature sensor, 
1-733 
dial pulse indicator, telephone, III-613 
dialer 

pulse-dialing telephone, III-610 

pulse/tone, single-chip, III-603 

telephone-line powered repertory, 1-633 

tone-dialing telephone, III-607 
dice,- electronic, HI-245, 1-325 
differential amplifier, 1-38 

high impedance, 1-27, 1-354 

high input high impedance, 11-19 

instrumentation, IH-283 

instrumentation, biomedical, III-282 

programmable gain, HI-507 

two op amp bridge type, 11-83 
differential analog switch, 1^622 
differential capacitance measurement 

circuit, 11-665 
differential hold, 11-365, 1-589 
differential-input A/D system, 11-31 
differential-input instrumentation amplifier, 
1-347, 1-354 

high gain, 1-353 

variable gain, 1-349 
differential-input voltage-to-frequency 

converter, HI-750 
differential-to-single-ended voltage ampli- 
fier, III-670 
differential multiplexer 

demultiplexer/, 1-425 

wide band, 1-128 
differential thermometer, III-638, 11-661 
differential voltage or current alarm, H-3 
differentiator, M23 

negative-edge, 1-419 

positive-edge, 1-420 
digital capacitance meter, 11-94 
digital IC, tone probe for testing, 11-504 
digital frequency meter, HI-344 
digital logic probe, HI-497 
digital oscillator, resistance controlled, II- 426 
digital tachometer, 11-61 
digital temperature measuring circuit, II- 
653 
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digital theremin, 11-656 

digital thermocouple thermometer, 11-658 

digital thermometer, Kelvin, zero adjust, 

11-661 
digital transmission isolator, 11-414® digital 
voltmeter 

3.5-digit, full-scale, four-decade, III-761 

4.5-digit, III-760 
digital-to-analog converter, III-163-169, II- 
179-181, 1-241 

to -5V ouput, resistor terminated, I- 
239 

&bit, 1-240 

8-bit, output current to voltage, 1-243 

10-bit, 1-238 

+ 10V full scale bipolar, 1-242 

+ 10V full scale unipolar, 1-244 

12-bit, -variable step size, 11-181 

14-bit binary, 1-237 

16-bit binary, 1-243 

binary twos complement, 12-bit, III-166 

CMOS, 9-bit, ffl- 167 

fast voltage output, 1-238 

high speed 8-bit, 1-240 

high speed voltage output, 1-244 

multiplying, III 168 

offset binary coding, 10-bit 4 quadrant 
multiplying, 1-241 

output amplifier, four-channel, III-165 

precision 12-bit, 1-242 

three-digit BCD, 1-239 

two 8-bit to 12-bit, 11-180 
digitally controlled amplifier/attenuator, I- 

53 
digitally programmable attenuators, 111-30 
digitally selectable precision attenuator, I- 

52 
digitally tuned low power active filter, II- 

218 
digitizer, tilt meter, III-644-646, 111-644 
dimmer, 11-309 

800 W soft start light, 1-376 

8(H) W triac light, 1-375 

800 W, 11-309 

dc lamp, II-307 

halogen lamps, TIT-300 

headlight, 11-57 

headlight, automatic, 11-63 

light, 1-369 

low cost, 1-373 

soft-start, 800-W, 111-304 

tandem, 11-312 

triac, III-303, 11-310 
diode checker, zener, 1-406 
diode emitter driver, pulsed infrared, II- 

292 
diode tester, 11-343, III 402 

go/no-go, 1-401 
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dip meter, 11-182-183, 1-247 

basic grid, 1-247 

dual gate IGFET, 1-246 

little dipper, 11-183 

varicap tuned FET, 1-246 
direction detector decoder, 111-144 
direction-of- rotation circuit, III-335 
directional signals monitor, auto, 111-48 
discharge current stabilizer, laser, 11-316 
disco strobe light, 11-610 
discrete current booster, 11-30 
discrete sequence oscillator, III-421 
discriminator 

multiple-aperture, window, III-781 

pulse amplitude, III-356 

puise width, 11-227 

window, 111-776-781, III-776 
display circuit, HI-] 70-1 71, 11-184-188 

3 J /z digit DVM common anode, 11-713 

60 dB dot mode, 11-252 

audio, LED bar peak program meter, II- 
254 

bar-graph indicator, ac signals, 11-187 

exclamation point, 11-254 

expanded scale meter, dot or bar, 11-186 

LED bar graph driver, 11-188 

LED matrix, two-variable, III-171 

display fluorescent, 11-185 

brightness control, III-316 

comparator and, 11-105 

oscilloscope, eight-channel voltage, III- 
435 
dissolver, lamp, solid-state, III-304 
distribution circuits, 11-35 
distribution amplifier 

audio, 11-39, 1-39 

signal, 1-39 
divider 

binary chain, 1-258 

decade frequency, 1-259 

frequency, 111-213-218, 11-254, 1-258 

frequency, divide-by-1 1/2, III-216 

low frequency, 11-253 

mathematical, one trim, III-326 

odd-number counter and, III 21 7 

pulse, non-interger programmable, III- 
226, 11-511 
Dolby B noise reduction circuit 

decode mode, III-401 

encode mode, HI-400 
Dolby B/C noise reduction circuit, 111-399 
door bell, 1-443 

rain alarm, 1-443 

sliding tone, 11-34 
door chimes delay, [-218 
door open alarm, 111-46, 11-284 

Hall-effect circuit, 111-256 



iner, III 366 
dot expanded scale meter, U-186 
double ended limit comparator, 11-105 
double frequency output, oscillator, 1-314 
double-sideband suppressed-carrier 

modulator, III-377 
double-sideband, suppressed-carrier rf, II- 

366 
doubler 

150 to 300 MHz, 1-314 

broadband frequency, 1-313 

CRO, oscilloscope, III-439 

crystal oscillator, 1-184 

frequency, 111-215, 1-313 

frequency, digital, III-216 

frequency, single-chip, ffl-218 

low-frequency, 1-314 

to 1 MHz, 11-252 

voltage, III-459 

voltage, triac-controlled, III468 
downbeat-emphasized metronome, IH- 

353-354 
drive circuits, III-172-175 

coil, current-limiting, IH-173 

line-synchronized, III-174 

ES-232C, low-power, III-175 

totem-pole, with bootstrapping, IH-175 

two-phase motor, 1-456 
drive interface of triac, direct dc, 1-266 
driver, 11-189-193, 1-260 

10 MHz coaxial line, 1-560 

50 ohm, 1-262 

BIFET cable, 1-264 

bridge loads, audio circuits, HI-35 

capacitive load, 1-263 

coaxial cable, 1-266 

CRT deflection yoke, 1-265 

fiberoptic, 50-Mb/s, III-178 

five-transistor pulse booster for coax, 
11-191 

flash slave, 1-483 

glow plug, 11-52 

high impedance meter, 1-265 

high speed laser diode, 1-263 

instrumentation meter, 11-296 

indicator lamp, optically coupled, IIL413 

lamp, 1-380 

lamp, short-circuit proof, U-310 

LEI) bar graph, n-188 

line signals, 600-ohm balanced, 11-192 

line, 50-ohm transmission, 11-192 

line, 1-262 

line, full rail excursions in, 11-190 

load, timing threshold and, HI-648 

low frequency lamp flasher/relay, 1-300 

LVDT demodulator and, IH-323-324, II- 
337 

meter-driver rf amplifier, 1-MHz, III-545 
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microprocessor triac array, 11-410 



motor, constant-speed, 10-386 

motor, dc, speed-controlled reversible, 
01-388 

motor, dc, with fixed speed control, III- 
387 

motor, stepping, 111-390 

multiplexer, high speed line, 1-264 

neon lamp, 1-379 

optoisolated, high-voltage, ITi-482 

pulsed infrared diode emitter, 11-292 

relay, 1-264 

relay, delay and controls closure time, 
n-530 

relay, with strobe, 1-266 

shift register, 1-418 

solenoid, 1-265, IH-571-573 

SSB, low distortion 1.6 to 30MH, II- 
538 

stepping motor, 11-376 
driver demodulator, linear variable differ- 
ential transformer, 1-403 
drum sound effect, 11-591 
dual-edge trigger pulse delay, III-147 
dual-limit microvolt comparator, IQ-89 
dual-output over/under temperature 

monitor, 11-646 
dual-time constant tone decoder, 11-166 
dual-tone decoding, n-620 
dual-tracking regulator, IU-462 
duplex line amplifier, HI-616 
duty cycle monitor, III-329 
duty-cycle multivibrator, 50-percent, III- 

584 
duty-cycle oscillator 

50-percent, 01-126 

variable, fixed-frequency, IH-422 
DVM 

3 3/4 digit, 1-711 

auto-calibrate circuit, 1-714 

automatic nulling, 1-712 

common anode display, 3 1/2 digit, I- 
713 

four 1/2 digit LCD, 1-717 

interface and temperature sensor, 11-647 
dwell meter 

breaker point, 1-102 

digital, in-45 
dynamic ac-coupled amplifiers, IU-17 



easy start-up crystal oscillator, III-132 
eavesdropper, telephone, wireless, 111-620 
edge detector, ffl-157, 1-226 
EEPROM pulse generator, 5V-powered, 

IH-99 
eight channel mux/demux system, HI-115 
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eight-digit up/down counter, 11-134 
EKG simulator, three-chip, III-350 
elapsed time timer, 11-680 
electric fence charger, 11-202 
electric vehicle battery saver, 111-67 
electrometer amplifier, overload pro- 
tected, 11-155 
electronic bell, 11-33 
electronic circuit breaker, high speed, II- 

96 
electronic combination lock, 11-196 
electronic crossover circuit, 11-36 
electronic crowbar, H-99, 1-515 
electronic dice, III-245 
electronic flash trigger, H-448 
electronic light flasher, 11-228 
electronic lock, 11-194-197 

combination, 11-196 

three-dial combination, 11-195 
electronic music, IH-360 
electronic roulette, 11-276 
electronic ship siren, 11-576 
electronic switch, push on/off, 11-359 
electronic theremin, 11-655 
electronic thermometer, 11-660 
electronic wake-up call, 11-324 
electrostatic detector, III-337 
emergency lantern/flasher, 1-308 
emergency light, 1-378 
emissions analyzer, automotive exhaust, 

11-51 
emitter-coupled b]g loop oscillator, 11-422 
emitter-coupled RC oscillator, 11-266 
emulator, 11-198-200 

capacitance multiplier, 11-200 

JFET ac coupled integrator, 11-200 

resistor multiplier, 11-199 

simulated inductor, 11-199 
encoder, 

decoder and, 111-14 

telephone handset tone dial, IH-613, 1- 
634 

tone dial, 1-629 

tone, 1-67 

tone, two-wire, 11-364 
engine tachometer, 1-94 
enlarger timer, III-445, H-446 
envelope detectors, precision, HI-155 
EPROM, Vpp generator for, 11-114 
equalizer, 1-671 

ten-band graphic, active filter in, 11-684 

ten-band octave, ni-658 
equipment on reminder, 1-121 
exhaust emissions analyzer, 11-51 
expanded-scale meter 

analog, m-774 

dot or bar, II-186 



xpander circuits, 111-91 -95 
hi-fi, 11-13 
extended-play circuit, tape-recorders, 01- 

600 
extractor, square-wave pulse, 01-584 
extreme count freezing up/down counter, 
HI-125 



fail-safe semiconductor alarm, IH-6 
fans, speed controller, automatic, 01-382 
Fahrenheit thermometer, 1-658 
fast and precise sample and hold circuit, 

11-556 
fast dc-stabiUzed amplifiers, 01-18 
fault monitor, single-supply, HI-495 
feedback oscillator, 1-67 
fence charger, H-201-203 

battery-powered, n-202 

electric, H-202 

solid-state, 11-203 
FET dual-trace scope switch, 0-432 
FET input amplifier, 0-7 
FET probe, DI-501 
FET voltmeter, Ifl-765, DI-770 
fiber optics, 01-176-181, D-204-207 

dc variable speed motor control via, II- 
206 

half duplex information link, 1-268 

high sensitivity, 30nW, 1-270 

interface for, D-207 

LED driver, 50-Mb/s, ni-178 

folk, m-179, 1-269 

low sensitivity, 300nW, 1-271 

receiver, 10 MHz, O-205 

receiver, 50-Mb/s, III-181 

receiver, digital, 10-178 

receiver, high sensitivity, 30nw, 1-270 

receiver, low-cost, 100-M baud rate, 
01-180 

receiver, low sensitivity, 300nW, 1-271 

receiver, very high sensitivity, low 
speed, 3nW, 1-269 

repeater, 1-270 

transmitter, 10-177 

very high sensitivity, low speed, 3nW, I- 
269 
field disturbance sensor/alarm, 0-507 
field strength meter, 01-182-183, 11-208- 
212 

1.5- 150 MHz, 1-275 

adjustable sensitivity indicator, 1-274 

high sensitivity, 11-211 

LF or HF, n-212 

low cost microwave, 1-273 

rf sniffer, 11-210 

sensitive, ffl-183, 1-274 
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field strength meter (fott't.) 
transmission indicator, 11-211 
tuned, 1-276 
version II, II-209 
VOM, 1-276 
fifth order Chebyshev multiple feedback 

low pass filter, 11-219 
fifth-overtone oscillator, 1-182 
filter circuits, IH-184-192, 11-213-224 
0.1 to 10 Hz bandpass, 1-296 
1.0 kHz, multiple feedback bandpass, I- 

297 
1kHz bandpass active, 1-284 
1kHz, Q/10, second order state varia- 
ble, 1-293 
4.5 MHz notch, 1-282 
10kHz Sallen-Key low pass, 1-279 
20 kHz bandpass active, 1-297 
160 Hz bandpass, 1-296 
300 Hz 3kHz bandpass, speech, 1-295 
500 Hz Sallen-Key bandpass, 1-291 
active, band reject, 11-401 
active, bandpass, 111-190, 11-221, 11-223 
active, digitally tuned low power, 11-218 
active, low pass, digitally selected break 

frequency, 11-216 
active, low-power, digitally selectable 

center frequency, HI-186 
active, programmable, III-185 
active, RC, up to 150 kHz, 1-294 
active, state-variable, HI-189 
audio, biquad, IIM85 
bandpass, 11-222 

bandpass, active, with 60dB gain, 1-284 
bandpass, and notch, 11-223 
bandpass, Chebyshev, fourth-order, III- 

191 
bandpass, multiple feedback, 11-224 
bandpass, second-order biquad, 111-188 
bandpass, state variable, 1-290 
biquad RC active bandpass, 1-285 
biquad, 1-292-293 
CW, razor-sharp, 11-219 
digitally tuned low power active, 1-279 
equal component Sallen-Key low pass, 

1-292 
fifth order Chebyshev multiple feedback 

low pass, 11-219 
five pole active, 1-279 
fourth order high pass Butterworth, I- 

280 
full wave rectifier and averaging, 1-229 
high pass, 1-296 
high pass, active, 1-296 
high-pass, Chebyshev, fourth-order, III- 

191 
high-pass, sixth-order elliptical, III-191 
high pass, wideband two-pole, 11-215 
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high Q notch, 1-282 

low pass, 1-287 

low pass, precision, fast settling, 11-220 

MPB bandpass, multichannel tone 

decoder, 1-288 
multiple feedback bandpass, 1-285 
networks of, 1-291 
noise, dynamic, IH-190 
noisy signals, III-188 
notch and bandpass, 11-223 
notch, 1-283, H-397, UI-402-404 
notch, high-Q, IH-404 
notch, twin-T, IH-403 
pole active low pass, 1-295 
programmable, twin-T bridge, 11-221 
rejection, 1-283 
rumble, III-192 
rumble, LM387 in, 1-297 
rumble/scratch, HJ-660 
Sallen-Key second order LO pass, 1-289 
scratch, UI-189 
scratch, LM287 in, 1-297 
second order high pass active, 1-297 
selectable bandwidth notch, 1-281 
state variable, 11-215 
state-variable, multiple outputs, IH-190 
three amplifier active, 1-289 
three amplifier notch, 1-281 
tunable active, 1-294 
tunable notch, hum suppressing, 1-280 
turbo, glitch free, III-186 
universal active, U-214 
universal state variable, 1-290 
Wien-bridge, ffl-659 
variable bandwidth bandpass active, I- 

286 
voltage-controlled. III- 187 
filtered sample-and-hold circuits, 111-550 
five-transistor pulse booster for coaxial 

cable, 11-191 
fixed pnp regulator, zener diode to 

increase voltage output of, H-484 
fixed power supplies, IH-457-477 
12-VDC battery-operated 120-VAC, III- 

464 
bilateral current source, III-469 
charge pool, IH-469 
constant-current source, safe, HI-472 
converter, HI-470 
converter, 5V-to-isolated 5V at 20MA, 

111-474 
dc adapter/transceiver, hand-held, HJ-461 
dual-tracking regulator, HI-462 
general-purpose, IH-465 
isolated feedback, IH-460 
linear regulator, low cost, low dropout, 

IU-459 



■power inverter, III-466 

programmable, III-467 

rectifier, low forward-drop, IH-471 

regulated +15V 1-A, HI-462 

regulated -15V 1-A, IH-463 

regulator, 15V slow turn-on, UI-477 

regulator, positive with PNP boost, IH- 
471 

regulator, positive, with NPN/PNP 
boost, III475 

regulator, switching, 3-A, DI-472 

regulator, switching, high-current 
inductorless, III-476 

switching power supply, III-458 

switching, 50-W off-line, HI-473 

three-rail, III-466 

uninterruptible +5V, IH-477 

voltage doubler, IIM59 

voltage doubler, triac-controlled, HJ-468 

voltage regulator, 10V, high stability, IH- 
468 

voltage regulator, 5-V low-dropout, III- 
461 

voltage regulator, ac, HI-477 

voltage regulator, negative, IH-474 

voltage-controlled current source/ 
grounded source/load, HI-468 
fixed-frequency generator, III-231 
fixed-frequency variable duty-cycle oscilla- 
tor, IH-422 
flame ignitor, HI-362 
flame monitor, HI-313 
flash exposure meter, 1-484 
flash meter, III-446 
flash slave driver, 1-483 
flash trigger 

electronic, H-448 

remote, 1-484 

sound, 11-449 

xenon flash, slave, ni-447 
flashers and blinkers, HJ-193-210, 11-225 

1.5 V, minimum power, 1-308 

1 kW flip flop, 11-234 
1A lamp, 1-306 

2 kW, photoelectric control in, 11-232 
3V, 1-306 

ac, IH-196 

alternating, 11-227, 1-307 

astable multivibrator, 111-196 

auto, 1-299 

automatic safety, 1-302 

automotive turn signal, sequential, 1-109 

bar display with alarm, 1-252 

barricade, 1-299 

boat, 1-299 

CMOS, m-199 

dc, adjustable on/off timer, 1-305 

dual LED CMOS, 1-302 
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emergency lantern, 1-308 

flash light, 60-W, III-200 

flip flop, 1-299 

four-parallel LED, 1-307 

high efficiency parallel circuit, 1-308 

high voltage, safe, 1-307 

high-power battery operated, 11-229 

incandescent bulb, III-198, 1-306 

lamp, m-201 

lamp, low current consumption, 11-231 

lamp, low voltage, 11-226 

lamp, series SCR, wide load range, II- 
230 

LED, alternating, HI-198, III-200 

LED, PUT used in, H-239 

LED, ring-around, HI-194 

LED, three-year, III-194 

LED, UJTusedin, H-231 

light control and, 1-304 

light, electronic, 11-228 

Ught.-miniature transistorized, H-227 

low voltage, 1-305 

minimum component, III-201 

neon, five-lamp, 111-198 

neon, two-state oscillator, III-200 

neon tube, 1-304 

oscillator and, high drive, 11-235 

oscillator and, low frequency, 11-234 

relay driver, low frequency lamp, 1-300 

SCR, HI-197 

SCR chaser, HI-197 

SCR relaxation, U-230 

SCR ring counter, IIM95 

sequential ac, 11-238 

sequential, 11-233 

single-lamp, III-196 

transistorized, ffl-200, 1-303 

transistorized, table of, 11-236 

variable, 1-308 
flashlight finder, I-3D0 
flip-flop 

astable, with starter, H-239 

flasher circuit, 1 kW, use of, H-234 

inverter, IH-103 

SCR, IF-367 
flood alarm, IH-206, 1-390 
flow detector, HI-202-203, 11-240-242 

air, H-242 

low-rate thermal, IH-203 

thermally based anemometer, II-241 
flowmeter, liquid, H-248 
fluid and moisture detector, IH-204-210, 
11-243-248 

acid rain monitor, H-245 

flood alarm, HI-206 

fluid-level control, III-205 

liquid-Sow meter, 11-248 

liquid-level checker, HI-209 
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liquid-level, dual, 111-207 

plant water, D-245 

plant water gauge, D-248 

rain warning bleeper, n-244 

single chip pump controller, 11-247 

soil moisture, Hl-208 

temperature monitor, HK06 

water-level, HI-206 

water-level indicator, H-244 

water-level sensing and control, 11-246 
fluid-level controller, 111-205, 1-387 
fldid level sensor for cyrogenics, 1-386 
fluid watcher, windshield washer, 1-107 
fluorescent display, vacuum, 11-185 
fluorescent lamp inverter, 8-W, III-306 
flyback converter, 1-211 

self oscillating, H-128, 1-170, IH-748 

voltage, high-efficiency, HI-744 
flyback regulator, off-line, U-481 
FM (PRM) optical transmitter, 1-367 
FM carrier current remote speaker 

system, 1-140 
FM demodulator, 11-161 

12 V, 1-233 

5 V, 1-233 
FM IF amplifier with quadrature detector, 

TV sound IF, 1-690 
FM generators, low-frequency, Ifl-228 
FM MPX/SCA receiver, IH-530 
FM narrow-band receiver, IH-532 
FM optical transmitter/receiver, 50 kHz, 

1-361 
FM radio, 1-545 
FM receivers 

carrier-current circuit, 111-80 

zero center indicator, 1-338 
FM snooper, IH-680 
FM squelch circuit for AM, 1-547 
FM stereo demodulation system, 1-544 
FM transmitter 

multiplex, III-688 

one-transistor, Hl-687 

optical, 50 kHz center frequency, H-417 

simple, 1-681 
FM tuner, 1-231, 111-529 
FM voice transmitter, HI-678 
FM wireless microphone, HI-682, III-685, 

III-691 
FM/AM clock radio, 1-543 
foldback current, HV regulator limiting, H- 

478 
followers, IH-211-212 

inverting, high-frequency, III-212 

noninverting, high-frequency, IH-212 

simple, IH-212 

source, photodiode, IH-419 

unity gain, 1-27 



iltage, IH-212 
forward-current booster, 111-17 
four-channel commutator, 11-364 
four-channel comparator, HI-90 
four-channel mixer, 1-60, III-3S9 
four track, H-40 
high level, 1-56 
four-channel multiplexer, III-394 
four-decade variable oscillator, single 

control for, 11-424 
four-digit (10,000 count) A/D converter, 

H-25 
four-input stereo mixer, 1-55 
four-track four-channel mixer, H-40 

free running multivibrator, 100 kHz, I- 
465 
free-running multivibrators, 

programmable-frequency, UI-235 
freezer, voltage, IH-763 
freezer meltdown alarm, 1-13 
frequency comparator, 11-109 

LED, U-110 
frequency control, 

telephone, 11-623 
frequency converter, 1-159 
frequency counter 
frequency counter, III-340, IH-768 

1.2 GHz, III-129 

10-MHz, IH-126 

100 MHz, period and, H-136 

low-cost, III-124 

preamp, HI-128 

precision, 1-253 

tachometer and, 1-310 
frequency detector, digital, III-158 
frequency divider, 11-251 JI-254, 

1-258 

decade, 1-259 

low, H-253 
frequency division multiplex stereo 

decoder, 11-169 
frequency doubler, 1-313 

broadband, 1-313 
frequency generators, fixed-frequency, III- 

231 
frequency indicator, beat, 1-336 
frequency inverters, variable frequency, 

complementary output, III-297 
frequency Emit detector, 11-177 
frequency meter, H-249-250 

audio, 1-311 

linear, 1-310 

low cost, H-250 

power, H-250 

power-line, 1-311 
frequency multipliers/dividers, HI-213- 
218, H-251 

counter, odd-number, ni-217 



763 



The Real Muslims Portal 



divide-by-1 1/2, III-216 

doubler, IH-215 

doubler, digital, IH-216 

doubler, to 1MHz, 11-252 

doubler, single-chip, III-21S 

nonselective tripler, 11-252 

pulse-width, DI-214 
frequency-boundary detector, III-156 
frequency-detecting comparator, 111-88 
frequency oscillator, tunable, 11-425 
frequency synthesizer, programmable 

voltage controlled, 11-265 
frequency-to-voltage converter, 111-219- 
220, H-255-257, 1-318 

dc-lOkHz, 1-316 

simple, 1-313 

zener regulated, 1-317 
FSK data, receiver, III-533 
FSK decoder, 10.8MHz, 1-214 
FSK generators, low-cost, IH-227 
full-wave rectifier 

absolute value, 11-528 

precision, 1-234, ni-537 
function generator, 111-221-242, III-258- 
274, 11-271, 1-729 

555 astable, low duty cycle, 11-267 

astable multivibrator, HI-233, III-238, 
11-269 

astable multivibration, op amp, £11-224 

astable multivibrators, programmable- 
frequency, III-237 

basic, III-240 

complementary signals, XOR gate, III- 
226 

emitter-coupled RC oscillator, H-266 

fixed-frequency, III-231 

FM, low-frequency, III-228 

free-running multivibrator, 
programmable-frequency, III-235 

frequency synthesizer, programmable 
voltage controlled, 11-265 

FSK, low-cost, HI-227 

harmonics, m-228 

linear ramp, 11-270 

linear triangle/square wave VCO, 11-263 

monostable operation, 111-235 

monostable multivibrator, III-230 

monostable multivibrator, linear-ramp, 
HI-237 

monostable multivibrator, positive- 
triggered, 111-229 

monostable multivibrator, video ampli- 
fier and comparator, 11-268 

multiplying pulse width circuit, 11-264 

multivibrator, iow-frequency, HI-237 

multivibrator, single-supply, IQ-232 

one-shot, precision, III-222 

one-shot, retriggerable, III-238 



range, 11-262 

precise wave, 11-274 

pulse divider, noninteger, programma- 
ble, III-226 

pulse, 2-ohm, 111-231 

quad op amp, four simultaneous syn- 
chronized waveform, 11-259 

ramp, variable reset level, 11-267 

sawtooth and pulse, III-241 

signal, two-function, 111-234 

sine/cosine (0.1-10 kHz), 11-260 

single supply, H-273 

sine- wave/square-wave oscillator, 
tunable, HI-232 

single-control, III-238 

triangle-square wave, programmable, 
III-225 

triangle-wave, IH-234 

triangle-wave timer, linear, III-222 

triangle-wave/square-wave, III-239 

triangle-wave/square- wave, precision, 
HI-242 

triangle-wave/square-wave, wide-range, 
III-242 

tunable, wide-range, III-241 

UJT monostable circuit insensitive to 
changing bias voltage, 11-268 

variable duty cycle timer output, III-240 

voltage controlled high speed one shot, 
11-266 

waveform, 11-269, 11-272 

waveform, four-output, 111-223 
fundamental-frequency crystal oscillator, 

m-i32 

funk box, 11-593 

furnace exhaust gas/smoke detector, temp 
monitor/low supply detection, 111-248 
fuzz box, 111-575 
fuzz sound effect, 11-590 



GaAsFET amplifier, power, with single 

supply, II-10 
gain block, video, 111-712 
gain control, automatic, audio, 11-17 
gain-controlled stereo amplifier, II-9, III- 

34 
game feeder controller, 11-360 
game roller, 1-326 
games, III-243-245, 11-275-277 

coin flipper, III-244 

electronic dice, III-245 

electronic roulette, 11-276 

lie detector, 11-277 

who's first, III-244 



Btop light, 11-53 
gas analyzer, 11-281 
gas detector, 11-278-279 
analyzer and, H-281 
toxic, II-280 
gas/smoke detectors, ID-246-253, III-246 
furnace exhaust, temp monitor/low- 
supply detection, III-248 
methane concentration, linearized 

output, IH-250 
SCR, m-251 

smoke/gas/vapor detector, III-250 
gated oscillator, last-cycle completing, HI- 

427 
gated pulse descrambler, 11-165 
Geiger counter, 1-536-537 
high voltage supply for, 11-489 
pocket-sized, 11-514 
gel cell charger, 11-66 
generator 
10.7 MHz sweep, 1-472 
audio sine wave, 11-564 
audio, sine-wave oscillator, III-559 
audio, one-IC, H-569 
battery-powered, high-voltage, IK-482 
burst (see burst generator) 
cross-hatch, color TV, m-724 
DAC controlled function, 1-722 
dc, high-voltage, HI-481 
function (see function generator) 
harmonic, 1-24 
high-voltage, capacitor-discharge, III- 

485 
linear voltage ramp, 1-539 
low cost adjustable function, 1-721 
musical chime, 1-640 
musical envelope, modulator and, 

1-601 
noise, 1-468 
oscillator/clock, 1-615 
portable tone, 1-625 
precision clock, 1-193 
precision ramp, 1-540 
programmable pulse, 1-529 
programmed function, 1-724 
pulse (see pulse generator) 
pulse, single, 11-175 
ramp (see ramp generator) 
ramp, variable reset level, 1-540 
signal, high frequency, III-150 
sound effect, 111-575, 11-586, 1-605 
sound: sirens, warblers, waiters, III- 

560-568, HI-560 
square wave (see square wave genera- 
tor) 
staircase (see staircase generator) 
staircase, 1-539 
strobe-tone burst, 1-721 
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time delay, 1-217-218 

tone burst, 1-604 

tone dial, 1-629 
.tone, warbling, 11-573 

Touchtone, telephone, ffl-609 

triangle and square waveform, 1-726 

two-tone, 11-570 

ultra high voltage, H-488 

unijunction transistor pulse, 1-530 

versatile two-phase pulse, 1-532 

very low frequency, 1-64 
generator circuit, noise, 1-469 
generator test circuit, frequency shift 

fceyer tone, 1-723 
glitches, comparator to detect, 11-107 
glow plug driver, 11-52 
graphic equalizer, ten-band, active filter 

in, 11-684 
ground tester, 11-345 
ground-noise probe, battery-powered, III- 

500 
guarded input pico ammeter circuit, 11-156 
guitar, treble boost for, 11-683 
guitar tuner, 11-362 

gun, laser, visible red and continuous, III- 
310 
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half-duplex information transmission link, 

111-679 
half-flash analog-to-digital converters, III- 

26 
half-wave ac phase controlled circuit, 1-377 
half-wave rectifier, 1-230, III-528 

fast, 1-228 
Hall-effect circuits, HI-254-258, 11-282- 
284 

-angle of rotation detector, 11-283 

compass, III-258 

current monitor, III-255 

door open alarm, 11-284 

security door-ajar alarm, III-256 

switches using, IH-257 
halogen lamps, dimmer for, III-300 
handitalkies, 1-19 

two-meter preamplifier for, 1-19 
hands-free telephone, III-605 
hands-off intercom, III-291 
handset encoder, telephone, IH-613 
harmonic generator, 1-24, III-228 
HC-based oscillators, IH-423 
HCU/HTC-based oscillator, IIM26 
headlight alarm, 111-52 
headlight delay unit, 111-49, 1-107 
headlight dimmer, 11-63 
headphones, amplifier for, 11-43 
heart rate monitor, 11-348, 11-349 



heater, induction, ultrasonic, 120-KHz 

560-W, ni-704 
heater control, 1-639 
temperature sensitive, 1-640 
heater element temperature control, II- 

642 
heater protector, servo-sensed, III-624 
hee-haw siren, HI-565, 11-578 
HF or LF field strength meter, H-212 
hi-fi compander, 11-12 
hi-fi compressor, pre-emphasis and, 111-93 
hi-fi expander, 11-13 

de-emphasis, 111-95 
hi-fi tone control circuit, high Z input, I- 

676 
high drive oscillator/flasher, 11-235 
high-frequency amplifiers, HI-259-265 

29-MHz, m-262 

3-30 MHz, 80-W, 12.5-13.6 V, ffl-261 

amateur radio, linear, 2-30 MHz 140-W, 
III-260 

noninverting, 28-dB, HI-263 

RF, broadcast band, HI-264 

UHF, wideband with high-performance 
FETs, HI-264 

wideband, hybrid, 500 kHz-lGHz, IH- 
265 

wideband, miniature, III-265 
high-frequency crystal oscillator, 11-148 
high-frequency oscillator, III-426 
high-frequency peak detector, D-175 
high-frequency signal generator, D-150 
high-input-high impedance 20 dB amplifier 

micropower, 11-44 
high-input impedance differential amplifier, 

11-19 
high-isolation telephone ringer, 11-625 
high-level preamp and tone control, H-688 
high-output 600-ohm line driver, 11-193 
highrpass filter 

Chebyshev fourth-order, HI-191 

sixth-order elliptical, HI-191 

wideband two-pole, 11-215 
high-performance sample and hold, 11-557 
high-performance video switch, IH-728 
high-power battery operated flasher, H- 

229 
high-power siren, 11-578 
high-Q notch filter, 111-404 
high-sensitivity field strength meter, II- 

211 
high-speed 12-bit A/D converter, 11-29 
high-speed data acquisition system, H-118 
high-speed electronic circuit breaker, H-96 
high-speed paper tape reader, n-414 
high-speed saraple-and-hold circuits, III 
550 



high-voltage power supply, 111-478-486, II- 
490 

arc-jet power supply, starting circuit, 
IH-479 

battery-powered generator, III-482 

bucking regulator, IIJ-481 

dc generator, III-481 

generator, capacitor-discharge, IH-485 

inverter, HI-484 

optoisolated driver, 111-482 

preregulated, DI-480 

regulator, HH85 

simple design, III-483 

solid-state, remote adjustable, IIM86 
high/low level comparator, one op amp, II- 

108 
high/low temperature sensor, 11-650 
hold button, telephone, 612m 11-628 
home security monitor, 1-6 
horn, auto, electronic, HI-50 
hot-wire anemometer, HI-342 
hour time delay sampling circuit, n-668 
Howland current pump, 11-648 
humidity sensor, 111-266-267, 11-285-287 
HV regulator, foldback current limiting, II- 

478 
hybrid power amplifier, III-455 



IC timer, crystal-stabilized, subharmonic 

frequencies for, 11-151 
IC-compatible crystal oscillator, 11-145 
ice alarm, automotive, 11-57 
ice formation alarm, II-58 
ice warning and lights reminder, 1-106 
ICOM IC-2A battery charger, 11-65 
ignition substitute automotive circuits, IH- 

41 
ignition system, capacitor discharger, I- 

103 
ignition timing light, H-60 
igniter, III-362 
illumination stabilizer, machine vision, II- 

306 
image canceller, IH-358 
immobilizer, II-50 

impedance converter, high to low, 1-41 
incandescent light flasher, 111-198 
indicators (see also alarms), IH-268-270 

adjustable sensitivity field strength, I- 
274 

alarm and, 1-337 

battery chaige/discharge, 1-122 

battery condition, 1-121 

battery level, 1-124 

battery threshold, 1-124 

beat frequency, 1-336 
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indicators (con't.) 

dial pulse, III-613 

five step voltage level, 1-337 

lamp driver, optically coupled, III-413 

low battery, 1-124 

low-voltage, m-769 

on-the-air, HI-270 

overspeed, 1-108 

overvoltage/undervoltage, 1-150 

peak level, 1-402 

phase sequence, [-476 

receiver signal alarm, III-270 

rf-actuated relay, III-270 

simulated, 1-417 

solid state battery voltage, 1-120 

stereo reception, 111-269 

SWR warning, 1-22 

telephone off-hook, 1-633 

ten-step voltage level, 1-335 

three step level, 1-336 

undervoltage, battery operated equip- 
ment, 1-123 

visible voltage, [-338 

visual modulation, M30 

visual level, 111-269 

voltage, HI-758-772, HI-758 

voltage, visible, 111-772 

voltage-level, 1-718, III-759 

zero center, FM receivers, 1-338 
in-use indicator, telephone, 11-629 
induction heater, ultrasonic, 120-KHz 500- 

W, 01-704 
inductor 

active, 1-417 

simulated, 11-199 
infinite sample and hold, amplifier for, II- 

558 
infrared circuit, IH-271-277, H-288-292 

detector of IR, III-276 

diode emitter drive, pulsed, 11-292 

laser rifle, invisible pulsed, 11-291 

long-range object detector, UI-273 

low noise detector for, 11-289 

receiver, III-274, 11-292 

transmitter, III-274, HI-276, III-277, II- 
289, 11-290 

transmitter, digital, III-275 

wireless speaker system, III-272 
infrared detector, low-noise, 11-289 
infrared receiver, 11-292 
infrared transmitter, 11-289, 11-290 
injector-tracer, 1-522 

single, 11-500 

signal, 1-521 
input selector 

audio, low distortion, 11-38 
input-buffered mixer, III-369 
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instrumentation amplifier, III-278-284, II- 
293-295, 1-346 ,. 1-348, 1-349, 1-352 

+ /-100 volt common mode range, III- 
294 

current collector head amplifier, 11-295 

differential, HI-283 

differential, biomedical. HI-282 

differential, input, 1-354 

high gain differential, 1-353 

high impedance low drift, 1-355 

high speed, 1-354 

low signal level/high impedance, 1-350 

low-power, III-284 

meter driver, 11-296 

pre-amp, thermocouple, III-283 

precision FET input, 1-355 

saturated standard cell amplifier, 11-296 

strain gauge, ITI-280 

triple op amp, 1-347 

ultra-precision, III-279 

variable gain, differential input, 1-349 

very high impedance, 1-354 

wideband, HI-281 
instrumentation meter driver, H-296 
integrated solid state relay, 11-408 
integrator, IH-285-286, 11-297-300 

active, inverting buffer, 11-299 

JFET ac coupled, 11-200 

gamma ray pulse, 1-536 

long time, 11-300 

low drift, 1-423 

noninverting, improved, 11-298 

photocurrent, 11-326 

programmable reset level, 111-286 

ramp generator and, initial condition 
reset, III-527 

resettable, 111-286 . 

intercom, III-287-292, 11-301-303, 1-415 

bidirectional, HI-290 

carrier current, 1-146 

hands-off, 111-291 

party-line, 11-303 

pocket pager, III-288 

two-way, HI-292 
interface 

680x, 650x, 8080 families, 111-98 

cassette-to-telephone, in-618 

DVM, temperature sensor and, 11-647 

fiber optic, 11-207 

optical sensor-to-TTL, III-314 

precision process control, 1-30 

tape recorder, 11-614 
interrupter, ground fault, 1-580 
interval timer, low power microprocessor 
programmable, 11-678 



ir, III-293-298 

dc to dc/ac, 1-208 

fast, U22 

flip-flop, 111-103 

fluorescent lamp, 8-W, ffl-306 

high-voltage, III-484 

low-power, fixed power supplies, III-466 

on/off switch, HI-594 

picture, video circuits, 111-722 

power, 111-298 

power, 12 VDC-to-117 VAC at 60 Hz, 
HI-294 

power, medium, IH-296 

power, MOSFET, HI-295 

ultrasonic, arc welding, 20 KHz, 111-700 

variable frequency, complementary 
output, HI-297 

voltage, precision, III-298 
inverting amplifier, 111-14, 1-41-42 

balancing circuit in, 1-33 

low power, digitally selectable gain, II- 
333 

programmable-gain, III-505 

wideband unity gain, 1-35 
inverting buffer, active integrator using, II- 

299 
inverting comparator, hysteresis in, 1-154 
inverting followers, high-frequency, 0-212 
inverting power amplifier, 1-79 
inverting sample-and-hold, III-552 
inverting unity gain amplifier, 1-80 
IR link, remote loudspeaker via, 1-343 
IR receiver, compact, 1-342 
IR remote control transmitter/receiver, I- 

342 
IR transmitter, 1-343 
IR type data link, 1-341 
isolated feedback power supply, III-460 
isolation amplifier 

capactive load, 1-34 

level shifter, 1-348 

medical telemetry, 1-352 

rf, 11-547 
isolation and zero voltage switching logic, 

IW15 
isolator 

digital transmission, II-414 
stimulus, HI-351 



JFET ac coupled integrator, III-200 



K 



Kelvin thermometer, 1-655 
zero adjust, III-661 
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keyer 

automatic TTL morse code, 1-25 
electronic, 1-20 



lamp-control circuits, 11-304-312 

800 W dimmer, H-309 

audio-controlled, 1-609 

automatic light controller for carport, II- 
308 

cross fader, 11-312 

dimmer, H-309 

dimmer, dc, H-307 

dimmer, soft-start, 8Q0-W, III-304 

dimmer, triac, III-303, 11-310 

dissolver, solid-state, ni-304 

indicator tamp driver, optically coupled, 
m-413 

inverter, fluorescent, 8-W, 111-306 

lamp life extender, 111-302 

light modulator, III-302 

light-controlled switch, DI-314 

machine vision illumination stabilizer, II- 
306 

night li$it, automatic, line-voltage 
operated, IH-306 

phase control, 11-303, 11-305 

remote-controller, 1-370 

sequencer, pseudorandom, III-301 

short-circuit proof lamp driver, 11-310 

strobe, variable, DI-589-590 

tandem dimmer, 11-312 

triac light dimmer, 11-310 

triac zero point switch, n-311 

voltage regulator for projection lamp, II- 
305 
lamp driver, 1-380 

neon, 1-379 

short-circuit proof, 11-310 
lamp flasher 

low current consumption, 11-231 

low voltage, 11-226 

series SCR, wide load range, 11-230 
laser circuits, III-309-311, H-313-317 

discharge current stabilizer, 11-316 

gun, visible red, HI-310 

light detector, 11-314 

pulsers, laser diode, 111-311, 1-416 

rifle, invisible IR pulsed, n-291 
latches 

12-V, solenoid driver, III-572 

comparator and, ITI-88 
latching burglar alarm, 1-8, 1-12 
latching relays, dc, optically coupled, III- 

417 
latching switch. 
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SCR-replacing, III-593 
lead-acid batteries 

battery chargers, 111-55 

low-battery detector, 111-56 
leading-edge delay circuit, HI- 147 
LED circuits 

alternating flasher, UI-198, 111-200 

bar graph driver, 11-188 

flasher, PUT, 11-239 

flasher, UJT, 11-231 

frequency comparator, 11-110 

matrix display, two-variable, ItI-171 

multiplexed common-cathode display 
ADC, HI-764 

panel meter, 111-347 

peakmeter, ID-333 

ring-around flasher, HI-194 

RS-232C, computer circuit, III-103 

three-year flasher, m-194 
level, ultra simple, 11-666 
level controller 

audio, automatic, n-20 

cryogenic fluid, 1-386 

fluid, 1-387 

liquid, 1-388 

water, 1-389 
level indicators/monitors, 11-174 

alarm, water, 1-389 

hysteresis in, 1-235 

liquid, 1-388, 1-390 

meter, LED bar/dot, 1-251 

peak, 1-402 

sound, 1-403 

three-step, 1-336 

visual, UI-269 

warning, audio output, low, 1-391 

warning, high-level, 1-387 
level shifter, negative to positive supply, I- 

394 
LF or HF field strength meter, 11-212 
lie detector, H-277 



automatic night, "1-360 

capacitance operated, battery powered, 

1-131 
capacitance switch, 1-132 
carport, automatic controller for, 11-308 
detection switch, adjustable, 1-362 
emergency, 1-378 
interruption detector, 1-364 
level controller, 1-380 
level detector, Ul-316, 1-367 
meter for, 1-383 
meter for, linear, 1-382 
modulator, HI-302 
on/off reminder, auto, 1-109 



minder and ice warning, 1-106 
sensor, back-biased GaAs LED, 11-321 
sensor, logarithmic, 1-366 
sound-modulated source, 1-609 
system, single source emergency, 1-581 
tarry, 1-579 
telephone, 11-625 
light-activated circuits 
logic circuit, 1-393 
on/off relay, 1-366 
optical sensor, ambient light ignoring, 

IIM13 
power outage light, line-operated, III- 

415 
pulse generation by interrupting, 1-357 
switch, 11-320 
light-controlled circuits, 11-318-331, III- 

312-319 
860W limited range precision, 1-376 
ambient light effects cancellation, II- 

328 
audio oscillator, light-sensitive, HI-315 
automatic mooring light, 11-323 
back-biased GaAs LED light sensor, II- 

321 
brightness control, lighted displays, III- 

316 
complementary, 1-372 
electronic wake-up call, 11-324 
flame monitor, IU-313 
lamp switch, III-314 
light level detector, HI-316 
light-operated switch, H-320 
light-seeking robot, 11-325 
low-light level drop detector, III-313 
marker light, III-317 
monostable photocell, self-adjust trig- 
ger, 11-329 
one-shot timer, III-317 
optical sensor-to-TTL interface, III-314 
photo alarm, 11-319 
photocurrent integrator, 11-326 
photodiode sensor amplifier, 11-324 
photoelectric switch, IH-319, 11-321 
robot-eyes, 11-327 
sun tracker, m-318 
switch, solar triggered, HI-318 
synchronous photoelectric switch,II-326 
thermally stabilized PIN photodiode 

signal conditioner, n-330 
twilight-triggered circuit, 11-322 
warning light, HI-317 
warning light, battery powered, 11-320 
light-isolated solid state power relay 

circuit, 1-365 
light-seeking robot, 11-325 
lights-on warning, automotive, 111-42, 11-55 
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Emit alarm, high/low, 1-151 
limit comparator, ni-104, 1-156 

double ended, 11-105, 1-156 
Emit detector 

double ended, 1-230, 1-233 

micropower double ended, 1-155 
limiters, 111-320-322 

audio, low distortion, 11-15 

dynamic noise reduction circuit, III-321 

hold-current, solenoid driver, III-573 

noise, 10-321, 11-395 

output, III-322 

power-consumption, III-572 
line amplifier, duplex, telephone, III-616 
line driver 

50-ohm transmission, 11-192 

600-ohm balanced, 11-192 

full rail excursions with, 11-190 

high output 600-ohm, 11-193 

video amplifier, HI-710 
line dropout detector, 11-98 
line frequency square wave generator, II- 

599 
Brie receiver 

digital data, III-534 

low-cost, m-532 
line sync, noise immune 60 Hz, 11-367 
line-activated solid-state switch, tele- 
phone, m-617 
line-current detector, optically coupled, 

m-414 

line-current monitor, III-341 
line-hum touch switch, 111-664 
line-operated audio amplifiers, 111-37 
line-synchronized driver circuit, III-174 
line-voltage announcer, ac, IH-730 
line-voltage monitor, III-511 
linear amplifier 

2-30MHz, WOW PEP amateur radio, I- 
555 

100 W PEP 420450 MHz push-pull, I- 
554 

160 W PEP broadband, 1-556 

amateur radio, 2-30 MHz 140-W, IH- 
260 

CMOS inverter, 11-11 
linear coupler 

analog, 11-413 

analog ac, 11-412 

dc, 11-411 
linear IC siren, 111-564 
linear optocoupler, instrumentation, 11-417 
linear ramp generator, 11-270 
linear regulator 

fixed power supply, low dropout low 
cost, III-459 

radiation-hardened 125A, IM68 
linear triangle/square wave VCO, 11-263 
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liquid flowmeter, 11-248 
liquid-level detectors, 1-388, 1-390 

checker, III-209 

control, 1-388 

dual, III-207 

monitoring, Ifl-210 

temperature control and, 11-643 
lithium battery 

charger for, 11-67 

state of charge indicator for, 11-78 
little dipper dip meter, 11-183 
locator, lo parts treasure, 1-409 
lock, electronic combination, 11-194, 1-583 
locomotive whistle, 11-589 
log-ratio amplifier, 1-42 
logarithmic A/D converter, three-decade, 

1-48 
logarithmic amplifier, II-8, 1-29, 1-35 

dc to video, 1-38 
logarithmic converter, fast, 1-169 
logarithmic light sensor, 1-366 
logarithmic sweep VCO, III-738 
logic/logic circuits 

audible pulses, H-345 

four-state, single LED indicator, 11-361 

light-activated, 1-393 

line monitor, III-108 

isolation and zero voltage switching, 11-415 

overvoltage protection, 1-517 

pulser, IU-520 

signals, long delay Kite for, UI-107 

tester, audible, IU-343 

tester, TTL, 1-527 
logic amplifier, 11-332-335 

low power binary, to lOn gain low 
frequency, H-333 

low power inverting, digitally selectable 
gain, 11-333 

low power noninverting, digitally select- 
able input and gain, 11-334 

precision, digitally programmable input 
and gain, 11-335 

programmable amplifier, 11-334 
logic converter, TTL to MOS, 1-170 
logic level shifter, negative to positive 

supply, 1-394 
logic probe, 1-520, 1-525, 1-526 

CMOS, m-499, 1-523 

digital, m-497 

memory installed, 1-525 

simple, 1-526 
long-duration timer, PUT, 11-675 
long-range object detector, III-273 
long-term electronic timer, 11-672 
long-time integrator, 11-300 
long-time timer, III-653 
loop transmitter, remote sensors, 111-70 



s amplifier, H-46 
loudness control, balance amplifier with, 

H-395 
loudspeaker coupling circuit, 1-78 
low-battery detector, HI-56, IH-63 
low-battery indicator, 11-77 
low-battery protector, UI-65 
low-battery warning alarm, 111-59 
low-battery warning/disconnect, 111-65 
low-cost chime circuit, n-33 
low-cost frequency indicator, 11-250 
low-current consumption tamp flasher, Q- 

231 
low-current measurement system, III-345 
low-distortion audio limiter, 11-15 
low-distortion input selector for audio use, 

11-38 
low-distortion low level amplitude modula- 
tor, H-370 
low-distortion sine wave oscillator, 11-561 
low-frequency crystal oscillator, D-146 
low-frequency divider, 11-253 
low-frequency oscillator, IH-428 
low-frequency oscillator/flasher, Q--234 
low-frequency Pierce oscillator, DI-133 
low-frequency TTL oscillator, IT-595 
low-noise crystal oscillator, 11-145 
low-noise infrared detector, 11-289 
low-noise photodiode amplifiers, 111-19 
low-pass filter 
active, digitally selected break fre- 
quency, 11-216 
fifth order Chebyshev multiple feed- 
back, H-219 
precision fast settling, 11-220 
low-power 5V driven temperature com- 
pensated crystal oscillator, 11-142 
low-power audio amplifier, 11-454 
low^power binary to lOn gain low fre- 
quency amplifier, 11-333 
low-power common source amplifier, 11-84 
low-power comparator, less than lOuV 

hysteresis in, H-104 
low-power inverting amplifier, digitally 

selectable gain, H-333 
low-power microprocessor programmable 

interval timer, 11-678 
low-power noninverting amplifier, digitally 

selectable input and gain, 11-334 
low-power zero voltage switch tempera- 
ture controller, 11-640 
low-voltage alarm, H-493 
low-voltage tamp flasher, 11-226 
low-voltage power disconnector, 11-97 
low-voltage indicator, IH-769 
LVDT circuits, m-323-324, 11-336-339 
driver demodulator, 11-337 
signal conditioner, 11-338 
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machine vision, illumination stabilizer for, 

11-306 
magnetic current low-power sensor, III- 

341 
magnetic phono preamplifier, 1-91 
magnetic pickup hone preamplifier, 

1-89 
magnetometer, 11-341 
marker generator, 111-138 
marker light, III-317 
mathematical circuits, IQ-325-327 

adder, m-327 

divide/multiply, one trim, HI-326 

subtracter, IH-327 
measurement/test circuits, III-328-348, 
11-340 

3-in-l test set, III-330 

anemometer/, hot-wire, III-342 

audible logic tester, III-343 

breath alert alcohol tester, 111-359 

cable tester, HI-539 

continuity tester, III-345, m-540 

current monitor/alarm, III-338 

digital frequency meter, 111-344 

direction-of-rotation circuit, III-335 

duty cycle monitor, 111-329 

electrostatic detector, III-337 

frequency counter, Hl-340 

LC checker, III-334 

LED panel meter, III-347 

line-current monitor, III-341 

low-current measurement, IH-345 

magnetic current sensor, low-power, III- 
341 

magnetometer, 11-341 

motor hour, IH-340 

ohmmeter, linear, HI-540 

paper sheet discriminator, copying 
machines, DI-339 

peak-dB meter, III-348 

peakmeter, LED, III-333 

phase difference from to 180 degrees, 
H-344 

picoammeter, III-338 

pulse-width, very short, HI-336 

QRP SWR bridge, HI-336 

resistance ratio detector, 11-342 

resistance/continuity meters, IH-538- 
540, IH-538 

rf power, wide-range, III-332 

SCR tester, HI-344 

signal strength (S), III-342 

sound-level meter, 111-346 

stereo power meter, iII-331 

stud finder, IH-339 

tachometer, m-335, HI-340 



test probe, 4-220 V, IIU99 

thermometers, IH-637-643, III-637 
measuring gauge, linear variable differen- 
tial transformer, 1-404 
medical electronic circuits, 11-347-349, 111- 
349-352 

biomedical instrumentation differential 
amp, IH-282 

breath monitor, IH-350 

EKG simulator, three-chip, HI-350 

heart rate monitor, 11-348, 11-349 

preamplifier for, 11-349 

stimulator, constant-current, HI-352 

stimulus isolator, IiI-351 

thermometer, implantable/ingestible, 
IU-641 
memories, EEPROM pulse generator, 5V- 

powered, UI-99 
memory saving power supply, 11-486 
metal detectors, II-350-352 

micropower, "1-408 
meters (see also measurement/test cir- 
cuits) 

ac voltmeters,. IH-765 

analog, expanded-scate, voltage refer- 
ence, Hl-774 

anemometer/, hot-wire, M-342 

audio frequency, 1-311 

audio millivolt, HI-767, ffl-769 

audio power, 1-488 

automatic contrast, 1-479 

basic grid dip, 1-247 

breaker point dwell, 1-102 

capacitance, 1-400 

dc voltmeter, III-763 

dc voltmeter, high-input resistance, III- 
762 

digital frequency, HI-344 

dip, 1-247 

DIP, dual-gate IGFET in, 1-246 

dosage rate, 1-534 

field strength, IH-182-183, IH-182 

field strength 1.5 to 150 MHz, 1-275 

flash exposure, DI-446, 1-484 

LED bar/dot level, 1-251 

LED panel, IH-347 

light, 1-383 

linear frequency, 1-310 

linear light, 1-382 

logarithmic light, 1-382 

meter-driver rf amplifier, 1-MHz, III- 
545 

microwave field strength, 1-273 

motor hour, m-340 

ohmmeter, linear, III-540 

peak decibels, 111-348 

peak, LED, m-333 



pH, 1-399 

phase, 1-406 

picoammeter, ni-338 

power line frequency, 1-311 

power, 1-489 

resistance/continuity, IH-538-540, III- 
538 

rf power, 1-16 

rf power, wide-range, IH-332 

rf voltmeter, m-766 

sensitive field strength, 1-274 

simple field strength, 1-275 

signal strength (S), HI-342 

soil moisture, HI-208 

sound level, telephone, IH-614 

sound level, HI-346 

stereo balance, 1-618-619 

stereo power, HI-331 

suppressed zero, 1-716 

SWR power, 1-16 

tachometer, III-335, IH-340, IH-347 

temperature, 1-647 

ihermometers, IH-637-643, HI-637 

tilt meter, ni-644-S46, ni-644 

tuned field strength, 1-276 

untuned field strength, 1-276 

varicap tuned FET DIP, 1-246 

vibration, 1404 

voltage, m-758-772, HI-758 

voltmeter, ac wide-range, ffl-772 

voltmeters, digital, 3.5-digit, full-scale 
four-decade, IH-761 

voltmeters, digital, 4.5-ehgit, HI-760 

voltmeters, high-input resistance, III- 
768 

VOM field strength, 1-276 
methane concentration detector, linearized 

output, HI-250 
metronome, n-353-355, 111-353-354, 1- 
413 

ac-line operated unijunction, H-355 

accentuated beat, 1-411 

downbeat-emphasized, 111-353-354 

sight and sound, 1-412 

simple, H-354 

version II, H-355 
microcontroller, musical organ, prepro- 
grammed single-chip, 1-600 
micro-sized amplifiers, 111-36 
microphone 

amplifiers for, HI-34, 1-87 

amplifiers for, electronic balanced input, 
1-86 

FM wireless, HI-682, III-685, IH-691 

mixer, H-37 

preamp for, H-45 

preamp for, low noise transformerless 
balanced, 1-88 
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microphone (con't. ) 
.preamp for, tone control in, 1-675, 11-687 

wireless AM, 1-676 
micropower bandgap reference power 

supply, II-470 
micropower high-input-high-impedance 20 

dB amplifier, 11-44 
miciopower radioactive radiation detector, 

11-513 
microprocessor display, eight-digit, III-106 
microprocessor power supply watchdog, 

11-494 
microprocessor programmable interval 

timer, 11-678 
microprocessor triac array driver, 11-410 
microprocessor-controlled analog signal 

attenuator, HI-101 
microprocessor-selected pulse width 

control, H-116 
microvolt comparator 

dual limit, 111-89 

hysteresis-including, ni-88 
microvolt probe, II499 
Miller oscillator, 1-193 
millivoitmeter 

ac, 1-716 

audio, HI-767, III-769 

high input impedance, 1-715 
mini-stereo audio amplifiers, ITI-38 
miniature transistorized light flasher, II- 

227 
miniature wideband amplifiers, 111-265 
mixer, m-367-370 

1- MHz, 1-427 

audio, 1-23 

CMOS, 1-57 

common-source, 1-427 

doubly balanced, 1-427 

four-channel, 1-60, IH-369 

four-channel, four-track, 11-40 

four-input stereo, 1-55 

high level four channel, [-56 

hybrid, 1-60 

-input-buffered, IH-369 

microphone, 11-37 

multiplexer, 1-427 

one transitor audio, 1-59 

passive, 1-58 

preamplifier with tone control, 1-58 

signal combiner, HI-368 

silent audio switching, 1-59 

sound amplifier and, 11-37 

universal stage, III-370 
mobile equipment, III-8-amp regulated 

power supply, 11-461 
model rocket launcher, 11-358 
modems, power-line, carrier-current 
circuit, 111-82 
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modulated light beam circuit, ambient light 

effect cancellization with, 11-328 
modulated readback systems, disc/tape 

phase, 1-89 
modulation indicator, visual, 1-430 
modulation monitor, 1-430 

CB, 1431 
modulator, 11-368-372, IH-371-377, 1-437 
+ 12V dc single supply, balanced, 1-437 
AM, 1-438 
amplitude, low-distortion low level, II- 

370 
balanced, III-376 
balanced, phase detector-selector/sync 

rectifier, HI-441 
double-sideband suppressed-carrier, III- 

377 
linear pulse-width, 1-437 
monitor for, Dl-375 
musical envelope generator, 1-601 
pulse-position, III-375, 1-435 
pulse-width, IE-376, 1-435, 1-436, I- 

438-440 
rf, III-372, III-374, 1-436 
rf, double sideband, suppressed carrier, 

U-369 
saw oscillator, HI-373 
TTL oscillator for television display, II- 

372 
TV, 11-433, 11-434, 1-439 
VHF, 1-440, m-684 
video, 11-371, 11-372, 1-437 
moisture detector (see also fluid detec- 
tors), 1442 
momentary backup for power supply, II- 

464 
monitor (see also controller), III-378-390 
acid rain, III-361 
battery, 111-60-67, EI-60 
battery-alternator, automotive, 111-63 
blinking phone light, 11-624 
breath monitor, III-350 
current, alarm and, IH-338 
directional signals, auto, HI-48 
door-ajar, automotive circuits, HI-46 
duty cycle, III-329 
flames, ffl-313 
home security system, 1-6 
line-current, III-341 
line-voltage, HI-511 
logic line, III-108 
modulation, HI-375 
overvoltage, HI-762 
power supply balance, IH-494 
power supply, III-493-495, I1I493 
power supply, single-supply fault, III- 

495 



power-line connections, ac, III-510 

precision battery voltage, HTS, 1-122 

receiver, 11-526 

sound level, telephone, III-614 

telephone status, optoisolator in, 1-625 

telephone, remote, 11-626 

undervoltage, III- 762 

voltage, III-767 

voltage, nl-758-772, DI-758 
monostable circuit, 11-460, 1-464 
monostable multivibrator, IH-230, III-235, 
1465 

input lockout, 1-464 

linear-ramp, III-237 

positive-triggered, III-229 
monostable photocell, self-adjust trigger, 

11-329 
monostable TTL, 1464 
monostable UJT, 1-463 
mooring light, automatic, II-323 
MOSFETs, power inverter, Ifl-295 
mosquito repelling circuit, 1-684 
motion-actuated car alarm, 1-9 
motion-acutated motorcycle alarm, 1-9 
motion sensor 

UHF, m-516 

unidirectional, 11-346 
motor amplifier, servo, 1452 
motor control, 11-373-390 

400 Hz servo amplifier, 11-386 

ac, H-375 

back EMF PM speed control, 11-379 

bi-directional proportional, H-374 

dc servo drive, bipolar control input, II- 
385 

dc variable, fiber optic, H-206 

dc, low cost speed regulator, 11-377 

dc, motor speed control, 11-380 

direction and speed, series wound, II- 
456 

direction and speed, shunt wound, II- 
456 

driver, constant-speed, D3-386 

driver, dc, speed-controlled reversible, 
m-388 

driver, dc, with fixed speed control, III- 
387 

driver, stepping motor, 11-376 

driver, two-phase, II456 

hours-in-use meter, III-340 

induction, 1454 

motor/tachometer speed control, 11-389 

N-phase motor drive, 11-382 

power brake, ac, 11451 

PWM, controller, III-389 

PWM, motor speed, 11-376 

reversing motor drive, dc control signal, 
11-381 
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servo motor drive amplifier, 11-384 J**** * yMeTrrl JS " 

speed control, H-378, H-379, [-445, 1- 



TK 



450, 1453 
speed control, back EMF PM, H-379 
speed control, closed-loop, III-385 
speed control, dc, 111-377, III-380, 1- 

454 
speed control, dc, direction and, 11-452 
speed control, feedback, 11-447 
speed control, fixed, driver and, III-387 
speed control, high-efficiency, III-390 
speed control, high-torque, 11-449 
speed control, PWM, 11-376 
speed control, PWM, energy-recovering 

brake and, DI-380 
speed control, radio control, H-576 
speed control, switched-mode, III-384 
speed control, tachless, IH-386 
speed control, tachometer and, 11-389 
speed control, tachometer feedback for, 

n-378 
speed control, universal, 11-457 
speed control, universal, load- 
dependent, 11-451 
start-and-run circuit, III-382 
stepping, driver for, 111-390 
tachometer feedback control, closed 

loop, 11-390 
tachometer feedback for speed control, 

11-378 
three-phase ac motor driver. 0-383 
three-phase power-factor controller, H- 

388 
two-phase ac motor driver, 11-382 
universal, built-in self timer, 1455 
motorcycle alarm, motion acutated, II-9 
multiburst generator, square waveform, H- 

88 
multifunction siren system, 11-574 
multiple alarm circuit, II-2 
multiple-aperture window discriminator, 

III-781 
multiple-feedback bandpass filter, II-224 
multiple-input detector, [11-102 
multiplexed common-cathode LED-display 

ADC, III-764 
multiplexer, III-391-397 
l-of-8 channel transmission system, III- 

395 
analog, buffered input and output, III- 

-396 

analog, input/output buffer for, HI-11 
analog, single- to four-trace converter, 

11-431 
de-, DI-394 

four-channel, low-cost, IH-394 
oscilloscopes, add-on, HI437 
three-channel, sample and hold, III-396 



video, III-l-of-15 cascaded, HI-393 

wideband differential, 11-428 
multipliers, 11-391-392 

0/01 percent analog, 11-392 

analog, 11-392 

capacitance, 11-200, H416 

frequency, HI-213-218 

mathematical, one trim, IH-326 

pulse-width, 111-214 

resistor, 11-199 
multiplying D/A converter, HI-168 
multiplying pulse width circuit, 11-264 
multivibrator 

100 kHa free running, 11-485 

astable, 01-196, IH-224, HI-233, III- 
238, 11-269, 1-461, 11-510 

astable, digital-control, 11-462 

astable, dual, 11-463 

astable, programmable-frequency, IH- 
237 

bistable, 11-465 

car battery, 11-106 

CB modulation, 11-431 

current, 11-203 

duty-cycle, IH-50-percent, III-584 

free-running, programmable-frequency, 
IH-235 

low-frequency, 1H-237 

low-voltage, 11-123 

modulation, 11-430 

monostable, III-229, 111-230,111-235, 
III-237, H465 

monostable, input lock-out, H-464 

one-shot, H465 

oscilloscope, H-474 

single-supply, III-232 

sound level, 11-403 

telephone line, 11-628 

wideband radiation, 11-535 
music circuits 

bagpipes, electronic, HI-561 

chime generator, H-604 

electronic, HI-360 

envelope generator/modulator, 11-601 

hold for telephone, 11-623 

synthesizer, 11-599 

telephone ringer, n-619 
mux/demux system 

differential, 1-425 

eight channel, 11-115, 1-426 



N 



N-phase motor drive, III-382 
NAB preamps 

record, HI-673 

two-pole, III-673 



fAB tape playback pre-amp, 111-38 
nano ammeter, 1-202 
narrow band FM demodulator, carrier 

detect in, 11-159 
neon flasher 

five-lamp, III-198 

two-state oscillator, HI-200 
network 

filter, 1-291 

speech, telephone, 11-633 
ni-cad battery 

12V, 200mA-hour charger for, 1-114 

analyzer for, 111-64 

battery chargers, 111-57 

charger for, 1-116 

current and voltage limiting charger for, 
1-114 

fast charger for, 1-118 

packs, automotive charger for, 1-115 

protection circuit, IH-62 

simple charger for, 1-112 

thermally controlled charger for, Ii-68 

zapper for, 1-6 

zapper II, II-68 
night light 

automatic, line-voltage operated, III-306 

telephone-controlled, 111-604 
noise clipper, audio-powered, IH-396 
noise filters, III-188 

dynamic, HI-190 
noise generator, 1-468 

circuit for, 1-469 

pink, 1-468 

wide band, 1469 
noise immune 60Hz line, sync, 11-367 
noise limiter, HI-321, 11-395 
noise reduction circuits, H-393-396, III- 
398401 

audio squelch, 11-394 

audio-powered noise clipper, 11-396 

balance amplifier with loudness control, 
11-395 

Dolby B, decode mode, HI-401 

Dolby B, encode mode, HI-400 

Dolby B/C, UI-399 

dynamic, III-321 

noise limiter, 11-395 

precise audio clipper, II-394 
noise, audio, 1-467 
non-integer programmable pulse divider, 

H-511 
noninverting amplifier, 111-14, 1-41 

adjustable gain, 1-91 

comparator with hysteresis in, 1-153 

high-frequency, 28-dB, III-263 

hysteresis in, 1-153 

low power, digitally selectable input and 
gain, 11-334 
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noninverting amplifier (con Y.) 

power, 1-79 

programmable-gain, III-505 

single supply, 1-74 

split supply, 1-75 
noninverting integrator, improved design, 

11-298 
noninverting voltage follower, 1-33 

high-frequency, III-212 
nonselective frequency tripler, transistor 

saturation, 11-252 
Norton amplifier, absolute value, IH-11 
notch filter, 11-397-403, 111-402-404 

1800 Hz, 11-398 

550 Hx, 11-399 

active band reject, II-401 

adjustable Q, 11-398 

audio, II-4O0 

bandpass and,. 11-223 

high-Q, m-404 

passive bridged, differentiator tunable, 
11-403 

tunable audio, 11-399 

tunable audio filter, 11-402 

tunable, op amp, 11-400 

twin-T, III-403 

Wien bridge, 11-402 
null circuit, variable gain and accurate, III- 

69 
null detector, 1-148, 111-162 



off-line flyback regulator, II-481 
ohmmeter. 1-549 

linear, III-540 

linear scale, 1-549 
ohms-to-volts converter, 1-168 
on/off inverter, 111-594 
on/off switches 

touch switch, 11-691 

touch, digital, HI-663 

touch, electronic, IH-663 
one-chip burglar alarm, III-5 
one-chip radar detection circuit, 11-519 
one-IC audio generator, II-569 
one-of-eight channel transmission system, 

III-100 
one-second-lkHz oscillator, 11-423 
one-shot function generator, 1-465 

digitally controlled, 1-720 

precision, lH-222 

retriggerable, III-238 
one-shot timer, IH-654 

light-controlled, III-317 

voltage-controlled high speed, 11-266 
op amp, U-404406, IH-405-406 

astable multivibrator, 111-224 
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clock circuit using, 111-85 
intrinsically safe protected,"IH-12 
quad, simultaneous waveform generator 

using, 11-259 
single potentiometer to adjust gain over 

bipolar range, 11-406 
tunable notch filter with, 11-400 
variable gain and sign, 11-405 
x 10, 1-37 
x 100, 1-37 
optical communication system, 1-358, II- 

416 
optical pyrometer, 1-654 
optical receiver, 1-364, 11-418 
optical Schmitt trigger, 1-362 
optical sensor, ambient light ignoring, III- 

413 
optical sensor-to-TTL interface, III-314 
optical transmitter, 1-363 

FM (PRM), 1-367 
optically-coupled circuits, 11-407-419, III- 
407-419 
50 kHz center frequency FM transmit- 
ter, II417 
ac relay, 111-418 
ac relay using two photon couplers, II- 

412 
ac switcher, high-voltage, ffl-408 
ambient light ignoring optical sensor, 

m-413 
CMOS coupler, HW14 
communication system, 11-416 
dc linear coupler, 11-411 
dc latching relay, III-417 
digital transmission isolator, 11-414 
high-sensitivity, NO, two-terminal zero 

voltage switch, 11-413 
indicator lamp driver, IIt-413 
integrated solid state relay, H-408 
isolation and zero voltage switching 

logic, 11-415 
line-current detector, 111-414 
linear ac analog coupler, 11-412 
linear analog coupler, 11-413 
linear optocoupter for instrumentation, 

11-417 
microprocessor triac array driver, 11-410 
paper tape reader, 11-414 
power outage light, line-operated, III- 

415 
receiver for 50 kHz FM optical trans- 

mitter, 11-418 
relays, dc solid-state, open/closed, III- 

412 
source follower, photodiode, III-419 
stable optocoupler, II-409 
telephone ring detector, III-611 



ring SCR series, HI-411 

TTL coupler, optical, 111-416 

zero-voltage switching, closed half- 
wave, III-412 

zero-voltage switching, solid-state, III- 
410 

zero-voltage switching, solid-state relay, 
III-416 
optocoupler 

linear, instrumentation, 11-417 

stable, 11-409 
optoisolator 

driver, high-voltage, IH482 

telephone status monitor using, 1-626 
OR gate, 1-395 
organ 

musical, 1-415 

preprogrammed single chip microcon- 
troller for, 1-600 

stylus, U20 
oscillator, 11-420-429, 111-420432 

0.5 Hz square wave, 1-616 

1 kHz, 11-427 

1 MHz FET crystal, 11-144 

1 MHz to 4MHz CMOS, 1-199 

1.0 MHz, 1-571 

1kHz square wave, 1-612 

2MHz, D-571 

5-V, ITI-432 

10 Hz to 10kHz voltage-controlled, II- 
701 

20Hz to 20kHz variable audio, 11-727 

50 kHz, 1-727 

50 MHz to 100 MHz overtone, 1-181 

96 MHz crystal, M79 

400 MHz, 1-571 

500 MHz, 1-570 

500 timer, 1-531 

800 Hz, 1-68 

adjustable over 10:1 range, 11-423 

astable, 1^62 

audio, 1-245, III-427 

audio, light-sensitive, HI-315 

Butler aperiodic, 1-196 

Butler common base, 1-191 

Butler emitter follower, H-190-191, II- 
194 

cassette bias, 11-426 

clock generator and, HI-85, 1-615 

CMOS crystal, 1-187 

CMOS, 1-615 

code practice, 1-15, 1-20, 1-22, 11-428, 
III-431 

Colpitts harmonic, 1-189-190 

Colpitts, 11-147, 1-194, 1-572 

crystal-controlled, IH-131-140, 11-147, 
1-180, 1-184, 1-185, 1-195, 1-198 

crystal-controlled, doubter and, 1-184 



772 



The Real Muslims Portal 



crystal-controlled, mercury cell in, 
149 

crystal-controlled, sine wave, 1-198 

crystal-controlled, transistorized, 1-188 

crystal overtone, 1-177 

double frequency output, 1-314 

discrete sequence, ni-421 

duty-cycle, lII-50-percent, III-426 

emitter-coupled big loop, 11-422 

emitter-coupled RC, 11-266 

exponential digitally controlled, 1-728 

feedback, 1-67 

fifth overtone, 1-182 

flasher and, high drive, 11-235 

flasher and, low frequency, 11-234 

free running square wave, 1-615 

free running, 1-531 

frequency doubled output from, 11-596 

gated, 1-728 

gated, last-cycle completing, III-427 

Hartley, 1-571 

he-based, III423 

HCU/HCT-based, IIM26 

high-current, square-wave generator, 
m-585 

high-frequency, HI426 

high-frequency crystal, II- 148, 1-175 

IC-compatible crystal, 11-145 

international crystal OF-1 LO, 1-189 

international crystal OF-1 HI, 1-197 

JFET Pierce crystal, 1-198 

linear voltage-controlled, 1-701 

low-distortion, 1-570 

low-frequency, III428 

low-frequency crystal, 11-146, 1-184 

low-frequency TTL, 11-595 

low-noise crystal, 11-145 

Miller, 1-193 

neon flasher, two-state, III-200 

one-second, 1 kHz, 11-423 

one-shot, voltage-controlled high speed, 
11-266 

overtone crystal, 11-146, 1-176, 1-180 

overtone, crystal switching, 1-183 

parallel mode_aperiodic crystal, 1-196 

phase shift, 11-66, 1-68 

Pierce crystal, 11-144 

Pierce harmonic, 11-192, 1-199 

Pierce, 1-195 

precision voltage-controlled, 1-702 

precision, 20 ns switching, 1-729 

precision, 100 mA load switching, 1-730 

quadrature, III-428 

quadrature output, 1-729 

quadrature-output, square-wave genera- 
tor, III-585 

R/C, 1-612 

-reflection, crystal-controlled, 111-136 
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resistance controlled digital, 11-426 

rf [see also rf oscillator), 11-550, 1-572 

rf-genie, 11-421 

rf-powered sidetone, 1-24 

RLC, HI423 

sawtooth wave, modulator, III-373 

Schraitt trigger crystal, 1-181 

simple triangle/square wave, 11-422, 1- 

616 
simple TTL crystal, 1-179 
simple voltage-controlled, 1-703 
sine-wave {see also sine wave oscillator) , 

1-65, ffl-560 
sine-wave, TII-556-559 
sine-wave/square wave, easily tuned, I- 

65 
sine- wave/square- wave, tunable, HI-232 
single op amp, 1-529 
square wave, H-597, 1-613-614, H-616, 
stable low frequency crystal, 1-198 
standard crystal, 1MHz, 1-197 
temperature compensated, low power 

5v-driven, H-142 
temperature stable, 11-427 
temperature-compensated crystal, 1-187 
third overtone crystal, 1-186 
tone-burst, decoder and, 1-726 
transmitter and, 27 MHz and 49 MHz 

rf, 1-680 
TTL, 1-613 

TTL, 1MHz to 10MHz, 1-178 
TTL, television display using, 11-372 
TTL-compauble crystal, 1-197 
tube type crystal, 1-192 
tunable frequency, H-425 
tunable single comparator, 1-69 
varactor tuned 10 MHz ceramic resona- 
tor, 11-141 
variable, 11-421 
variable, four-decade, single control for, 

II424 
variable, wide range, 11-429 
variable-duty cycle, fixed-frequency, III- 

422 
voltage-controlled (see also voltage- 
controlled oscillators), IH-735 
voltage-controlled, 11-702, 1-704 
voltage-controlled, precision, III-431 
wide-frequency range, 11-262 
wide-range, 1-69, HI-425 
wide-range, variable, 1-730 
Wien-bridge, 1-62-63, 1-70, III-429 
Wien-bridge, low-voltage, HI-432 
Wien-bridge, sinewave, 1-66, 1-70 
Wien-bridge, variable, IfI-424 
XOR-gate, III429 
yelp, 11-577 



.cilloscope, 11-430-433, IIM33^39 

analog multiplexer, single-trace to four- 
trace scope converter, 11-431 

beam splitter, 1-474 

calibrator for, 11-433, III-436 

converter, 1-471 

CRO doubler, III-439 

eigbt-channel voltage display, III-435 

extender, IM-434 

FET dual-trace switch for, 11-432 

monitor, 1-474 

multiplexer, add-on, III-437 

preamplifier, III-437 

preamplifier, counter/, II1438 

sensitivity amplifier, III-436 

triggered sweep, HI-438 
outband descrambler, 11-164 
out-of-bounds pulse-width detector, III- 

158 
output amplifiers, four-channel D/A, III- 

165 
output limiter, III-322 
output-gating circuit, photomultipHer, II- 

516 
output-stage booster, III452 
over/under temperature monitor, dual 

output, 11-646 
overload protector, speaker, 11-16 
overspeed indicator, 1-108 
overtone crystal oscillator, 11-146 
overvoltage 

comparator to detect, 11-107 

monitor for, III-762 

protection circuit, 11-96, II496, III-513 

undervoltage and, indicator, 1-150® 



pager, pocket-size, III-288 
PAL/NTSC decoder, RGB input, 111-717 
palette, video, IH-720 
panning circuit, two channel, 1-57 
paper sheet discriminator, copying 

machines, IU-339 
paper tape reader, 11-414 
parallel connections, telephone, III-611 
party-line intercom, 11-303 
passive bridge, differentiator tunable 

notch filter, 11-403 
passive mixer, 11-58 
passive tone control circuit, 11-689 
PCB continuity tester, 11-342 
peak decibel meter, 111-348 
peak detector, 11-174, H-175, 11-434-436 

analog, with digital hold, IQ-153 

digital, IH-160 

high-bandwidth, III-161 

high-frequency, 11-175 
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peak detector (con't.) 

high-speed, 1-232 

low-drift, III-156 

negative, 1-225, 1-234 

positive, III-169, 1-225, 1-235, II435 

ultra-low drift, 1-227 

voltage, precision, 1-226 

wide-bandwidth, III-162 

wide-range, HI452 
peak meter, LED, III-333 
peak program detector, HI-771 
peak-to-peak converter, precision ac/dc, 

11-127 
period counter, 100 MHz, frequency and, 

11-136 
pest-repeller, ultrasonic, IH-699, III-706, 

IH-707 
pH meter, 1-399 
pH probe, 1-399, III-501 
phase detector, IIH40442 

10-bit accuracy, 11-176 

phase selector/sync rectifier/balanced 
modulator, 111-441 

phase sequence, III441 
phase difference, to 180 degree, 11-344 
phase indicator, 11-439 
phase meter, 1406 
phase selector, phase detector/sync 

rectifier/balanced modulator, III-441 
phase sequence circuits, 11-437442 

detector, II439, HI441, II442 

detector, version II, II441 

indicator, 11-439, 1476 

re circuit, phase sequence reversal 
detection by, II438 

reversal, re circuit to detect, II438 

three phase tester, II440 
phase splitter, precision, IH-582 
phase tracking three-phase square wave 

generator, H-598 
phasor gun, 1-606 
phono amplifier, 1-80-81 

magnetic pickup, 1-89 

stereo, bass tone control, 1-670 
phono preamp, 1-91 

equalized, IH-671 

LM382, 1-90 

magnetic, 111-37, 1-91 
photo conductive detector amplifier, four 

quadrant, 1-359 
photo memory switch for ac power con- 
trol, 1-363 
photo stop action, 1481 
photo conductive detector amplifier, four 

quadrant, 1-359 
photo memory switch for ac power con- 
trol, 1-363 
photo stop action, 1481 
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11-329 
photocurrent integrator, U-326 
photodiode circuits 

amplifier, III-672 

amplifier, low-noise, HI-19 

current to voltage converter, 11-128 

sensor amplifier, 11-324 

amplifier, 1-361 

comparator, precision, 1-360 

level detector, precision, 1-365 

PIN, thermally stabilized signal condi- 
tioner with, 11-330 

PIN-to-frequency converters, III-120 

source follower, III419 
photoelectric ac power switch, IH-319 
photoelectric alarm system, 114 
photoelectric controlled flasher, 11-232 
photoelectric smoke alarm, foe operated, 

1-596 
photoelectric smoke detector, 1-595 
photoelectric switch, 11-321 

synchronous, 11-326 
photoflash, electronic, III449 
photographic circuits, II443449, III443- 
449 

auto-advance projector, 11444 

camera alarm trigger, III444 

contrast meter, 11-447 

darkroom enlarger timer, 1II445 

electronic flash trigger, II448 

enlarger timer, II446 

flash meter, III446 

photoflash, electronic, IH-449 

shutter speed tester, II445 

slide timer, UI448 

slide-show timer, III444 

sound trigger for flash unit, 11-449 

timer, 1485 

xenon flash trigger, slave, III447 
photomultiplier output-gating circuit, II- 

516 
picoammeter, 11-154, 1-202, III-338 

circuit for, 11-157 

guarded input circuit, 11-156 
pico ampere 70 voltage converter with 

gain, 1-170 
picture fixer/inverter, IH-722 
Pierce crystal oscillator, 11-144 

1-MHz, III-134 

low-frequency, III-133 
piezoelectric alarm, 1-12 
piezoelectric fan-based temperature 

controller, III-627 
PIN photodiode-to-frequency converters, 

m-120 

pink noise generator, 1468 
plant watering gauge, 11-248 



itering monitor, 11-245 
plant waterer, 1-443 
playback amplifier, tape, 1-77 
PLL/BC receiver, 11-526 
plug-in remote telephone ringer, 11-627 
pocket pager, HI-288 
polarity converter, 1-166 
polarity-reversing amplifiers, low-power, 

111-16 
portable battery chargers, ni-cad, 111-57 
portable power amplifier, 1II452 
position indicator/controller, tape recorder, 

n-615 

positive input/negative output charge 

pump, HI-360 
positive peak detector, II435 
positive regulator, NPN/PNP boost, III-475 
power amps, H450459, HI450456 

2 to 6 watt audio amplifier with preamp, 
II451 

10W, 1-76 

12 W low distortion, 1-76 

25-watt, II452 

90W, safe area protection, U459 

am radio, 1-77 

audio, H451, HI454 

audio, 20-W, UI456 

audio, 50-W, III451 

audio, 6-W, with preamp, III454 

audio, booster, II455 

bridge audio, 1-81 

bull horn, II453 

dass-D, III453 

hybrid, III455 

inverting, 1-79 

low-power audio, II454 

noninverting ac, 1-79 

noninverting, 1-79 

output-stage booster, III452 

portable, III452 

rear speaker ambience amplifier, II458 

rf, 1296-MHz solid state, m-542 

rf, 5W, 11-542 

switching, 1-33 

two meter 10 W, 1-562 

walkman amplifier, 11456 
power booster, 1-28, 1-33 
power control, burst, HI-362 
power disconnector, low voltage, 11-97 
power failure alarm, 1-581-582 
power gain test circuit, 60 MHz, 1489 
power inverters, III-298 

12 VDC-to-117 VAC at 60 Hz, HI-294 

medium, III-296 

MOSFET, IH-295 
power loss detector, 11-175 
power meter, 1489 

audio, 1488 
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frequency and, 11-250 
if, 1-16 
SWR, 1-16 
power op amp/audio amp, high slew rate, 

1-82 
power outage light, line-operated, ID415 
power pack for battery operated devices, 

1-509 
power protection circuit, 1-515 
power reference, to 20 V, 1-694 
power supply, 11-460-486, III464 
5V including momentary backup, 11-464 
SV, 0.5A, 1-491 
8-amp regulated, mobile equipment 

operation, 11-461 
10A regulator, current and thermal 

protection, 11-474 
12-14V regulated 3A, 11-480 
90V rms voltage regulator with PUT, II- 

479 
500 kHz switching inverter for 12V, II- 

474 
adustable current limit and output 

voltage, 1-505 
arc lamp, 25W, II-476 
arc-jet, starting circuit, III-479 
balance indicator, III494 
battery charger and, 14V, 4A, 11-73 
bench top, 11-472 

bipolar, battery instruments, 11-475 
charge pool, HI-469 
dc to dc SMPS variable 18V to 30 V out 

at 0.2A, 11-480 
dual output bench, 1-505 
dual polarity, 1497 
fault monitor, single-supply, III-495 
fixed, in-457-477 
fixed pnp regulator, zener diode to 

increase voltage output, 11-484 
general-purpose, HI465 
glitches in, comparator to detect, 11-107 
high voltage, 111-478486, 11487-490 
high voltage, Geiger counter supply, II- 

489 
high voltage, simple design for, II489 
high voltage, ultra high voltage genera- 
tor, II488 
HV regulator with foldback current 

limiting, II478 
increasing zener diode power rating, II- 

485 
isolated feedback, UI460 
low ripple, 1-500 
low-volts alarm, II493 
memory save on power-down, H486 
micropower bandgap reference, II470 
microprocessor power supply watchdog, 

II494 
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microphone, 1-88 



off-line flyback regulator, II481 

overvoltage protection circuit, II496 

overvoltages in, comparator to detect, 
11-107 

power-switching circuit, II466 

programmable, I1I467 

protection circuit, H497 

protection for, fast acting, 1-518 

push-pull, 400V/60W, II473 

radiation-hardened 125A linear regula- 
tor, II468 

regulated, +15V 1-A, HI462 

regulated, -15V 1-A, III463 

regulated split, 1492 

SCR preregulator for, II482 

single supply voltage regulator, H471 

split, 1-512 

stand-by, non- volatile CMOS RAMs, II- 
477 

switch mode, II470 

switching, HI-458 

switching, 50-W off-line, IH473 

switching, variable, 100-KHz multiple- 
output, IH488 

three-rail, m466 

uninterruptible +5V, HI477 

uninterruptible, personal computer, IT- 
462 

variable, 01487492, HI487 

variable current source, 100mA to 2A, 
II471 

voltage regulator, 11-484 
power switching, complementary ac, 1-379 
power-consumption limiters, HI-572 
power-down 

memory save power supply for, II486 

protection circuit, 11-98 
power-failure alarm, IU-511 
power-line connections monitor, ac, III- 

510 
power-line modem, DI-82 
power-on reset, 11-366 
power-switching circuit, H466 
power/frequency meter, 11-250 
preamp, 141 

2 to 6 watt audio amplifier with, 11-451 

6-meter, 20 dB gain and low NF, 11-543 

audio power amplifier, 6-W and, UI454 

equalised, for magnetic phono car- 
tridges, m-67i 

frequency counter, III-128 

general purpose, 1-84 

high level, tone control and, II-688 

IC, tone control and, III-657 

LM382 phono, 1-91 

low noise 30MHz, 1-561 

low noise transformerless balanced 



magnetic phono, 1-91, IH-673 

medical instrument, 11-349 

microphone, 1145 

microphone, tone control for, II-687 

NAB tape playback, professional, 111-38 

NAB, record, III-673 

NAB, two-pole, III-673 

oscilloscope, III437 

oscilloscope/counter, III438 

phono, 1-91 

phono, magnetic, 111-37 

read-head, automotive circuits, III44 

RIAA, 111-38 

RIAA/NAB compensation, 1-92 

stereo, 1143, IM5 

tape, 1-90 

thermocouple instrumentation amplifier, 
III-283 

tone control, 1-675 

tone control, IC, 1-673 

tone control, mixer, 1-58 

transformerless microphone, unbal- 
anced inputs in, 1-88 

two meter, handitalkies, 1-19 

UHF-TV, III-546 

ultra low leakage, II-7, 1-38 

VHF, 1-560 
precise audio clipper, 11-394 
precise wave generator, 11-274 
precision A/D converter, 149 
precision absolute value circuit, 1-37 
precision amplifier, 1-40 

digitally programmable input and gain, 
H-335 
precisiorrattenuator, digitally selectable, I- 

52 
precision linearized platinum RTD signal 

conditioner, 11-639 
precision peak to peak ac/dc converter, II- 

127 
precision power booster, 1-33 
precision process control interface, 1-30 
precision summing amplifier, 1-36 
precision voltage to frequency converter, 

11-131 
precision weighted resistor programmable 

gain amplifier, 11-9 
preregulated high-voltage power supply, 

111480 
preregulator, tracking, III492 
prescaler probe, amplifying, 650 MHz, II- 

502 
preserved input voltage-to-frequency 

converter, III-753 
probe, HI496-503, 11498-504 

100 K megaohm dc, 1-524 

ac hot wire, 1-581 
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probe («m'(.) 
audible TTL, 1-524 
audio-rf signal tracer, 1-527 
capacitance buffer, low-input, III498 
capacitance buffer, stabilized low-input, 

111-502 
clamp-on-current compensator, 11-501 
CMOS logic, 1-523 
FET, III-501 

general purpose rf detector, H-500 
ground-noise, battery-powered, HI-500 
logic, [-526 

logic, CMOS universal, III-499 
logic, digital, IIW97 
logic, memory-tester, 1-525 
microvolt, 11-499 
pH, [-399, IH-501 

prescaler, 650 MHz amplifying, 11-502 
rf, IH-498, IH-502, 1-523 
single injector-tracer, H-500 
test, 4-220V, IH-499 
tone, digital IC testing, 11-504 
process control interface, 1-30 
processor, CW signal, 1-18 
product detector, 1-223 
programmable amplifier, 11-334, IH-504- 
508 
differential-input, programmable gain, 

m-507 
inverting, programmable-gain, III-505 
noninverting, programmable-gain, III- 

505 
precision, digital control, III-506 
precision, digitally programmable, HI- 

506 
variable-gain, wide-range digital control, 
III-506 
programmable attenuator, 111-30, 1-53 
programmable counters, low-power wide- 
range, ffl-126 
programmable-frequency sine-wave 

oscillators, III-424 
programmable-gain amplifier with select- 
able input, 1-32 
programmable gate, 1-394 
programmable multi-tone ringer, 11-634 
programmable twin-T bridge filter, H-221 
programmable voltage-controlled fre- 
quency synthesizer, 11-265 
programmable voltage-controlled timer, II- 

676 
projector 
auto-advance for, II-444 
voltage regulator for lamp in, H-305 
proportional temperature controller, III- 

626 
protection circuit, III-509-513 
circuit breaker, ac, III-512 
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heater protector, servo-sensed, 111-624 

line-voltage monitor, 111-511 

logic, overvoltage, 1-517 

overvoltage, fast, 111-513 

power-failure alarm, 111-511 

power-line connections monitor, ac, III- 
510 

power supply, [1-497, 1-518 
proximity sensor, 1-135-136, 1-344, II- 
505-507, III-514-518 

alarm for, 11-506 

capacitive, HI-515 

field disturbance sensor/alarm, 11-507 

SCR alarm, 111-517 

self-biased, changing field, 1-135 

switch, m-517 

UHF movement detector, III-516 
pseudorandom sequencer, HI-301 
PTC thermistor automotive temperature 

indicator, 11-56 
pulse amplitude discriminator, III-356 
pulse coincidence detector, 11-178 
pulse delay, dual-edge trigger, III-147 
pulse detector, missing-pulse, IfI-159 
pulse divider, non-integer programmable, 

III-226, 11-511 
pulse extractor, square-wave, III-584 
pulse generator, H-508-511 

2-ohm, III-231 

300-V, 111-521 

astable multivibrator, 11-510 

clock, 60Hz, H-102 

CMOS short-pulse, III-523 

delayed, H-509 

EEPROM, 5V-powered, HI-99 

logic, III-520 

sawtooth-wave generator and, III-241 

single, 11-175 

very low duty-cycle, III-521 

voltage-controller and, III-524 

wide-ranging, III-522 
pulse height- to- width converters, III-119 
pulse sequence detector, 11-172 
pulse tone alarm, Ml 
pulse train-to-sinusoid converters, III-122 
pulse-dialing telephone, HI-610 
pulse-position modulator, IH-375 
pulse-width-to-volate converters, III-117 
pulse-width modulators (PWM) 

brightness controller, IH-307 

control, microprocessor selected, 11-116 

modulator, III-376 

motor speed control, 11-376, HI-389 

multipHer circuit for, III-214, 11-264 

out-of-bounds detector, III-158 

proportional-controller circuit, 11-21 

servo amplifier, III-379 



[11-380 
very short, measurement circuit, 1H- 

336 
pulse/tone dialer, single-chip, III-603 
pulsed infrared diode emitter drive, 11-292 
pulsers, laser diode, III-311 
pump, positive input/negative output 

charge, 1-418 
pump controller, single chip, 11-247 
push on/off electronic switch, 11-359 
push-pull power supply, 400V/60W, 11-473 
PUT battery chargers, IH-54 
PUT long duration timer, 11-675 
pyrometer, optical, 1-654 



Q 



Q-multiplier 

audio, 11-20 

transistorized, 1-566 
QRP CW transmitter, III-690 
QRF SWR bridge, HI-336 
quad op amp, simultaneous waveform 

generator using, n-259 
quadrature oscillator, III-428 

square-wave generator, HI-585 
quartz crystal oscillator, two-gate, III- 136 
quick-deactivating battery sensor, HI-61 



race-car motor/crash sound generator, III- 

578 
radar detector, 11-518-520 

one-chip, 11-519 
radiation detectors, H-512-517 

alarm, 114 

micropower, 11-513 

monitor, wideband, 1-535 

photomultiplier output-gating circuit, II- 
516 

pocket-sized Geiger counter, 11-514 
radiation-hardened 125A linear regulator, 

radio 

AM/FM clock, 1-543 

automotive, receiver for, 11-525 

clock, 1-542 

FM, [-542 
radio control motor speed controller, 1-576 
radio control receiver/decoder, 1-574 
radio controller, single SCR, 11-361 
radioactive radiation, micropower detector 

for, 11-513 
rain warning bleeper, 11-244 
RAM, non- volatile CMOS, stand-by power 
supply, 11-477 
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ramp generator, 11-521-523, 

accurate, 10-526 

integrator and, initial condition reset, 
in-527 

linear, 11-270 

variable reset level, 0-267 

voltage-controlled, 11-523 
ranging system, ultrasonic, ni-697 
RC audio oscillator, m-555 timer used as, 

H-567 
RC circuit, phase sequence reversal by, II- 

438 
RC oscillator, emitter-coupled, 11-266 
read-head pre-ampHner, automotive 

circuits, 111-44 
readback system, disc/tape phase modu- 
lated, 1-89 
readout, rf current, 1-22 
rear speaker ambience amplifier, 11-458 
receiver, 11-524-526, m-528-535 

50kHz FM optical transmitter, 1-361 

AM radio, 01-529 

AM, carrier-current circuit, 01-81 

AM, integrated, 01-535 

analog, 1-545 

car radio, capacitive diode tuning/ 
electronic MW/UV switching, 0-525 

carrier current, 1-143 

carrier system, 1-141 

CMOS line, 1-546 

compact IR, 1-342 

fiber optic, 10 MHz, 11-205 

fiber optic, 50-Mb/s, nt-181 

fiber optic, digital, III-178 

fiber optic, low-cost, 100-M baud rate, 
IU-1S0 

FM MPX/SCA, IH-530 

FM narrow-band, m-532 

FM tuner, 01-529 

FM, carrier-current circuit, UI-80 

TSK data, III-533 

ham-band, HI-534 

high sensitivity, 30nW fiber optic, 1-270 

IC carrier-current, 1-146 

infrared, 01-274, 11-292 

line-type, digital data, III-534 

line-type, low-cost, m-532 

low sensitivity, 300nV7 fiber optic, 1-271 

monitor for, II-526 

optical, 1-364, 0418 

PLL/BC, H-526 

radio control, decoder and, 1-574 

RS-232 to CMOS, DI-102 

single transistor carrier current, 1-145 

signal-reception alarm, III-270 

tracer, 01-357 

ultrasonic, m-698, III-705 

very high sensitivity, low speed 3nW 



ms2l^MPIntaiciiiational.TK 



-15V1-A, III-463 



zero center indicator for FM, 1-338 
receiver monitor, H-526 
recorder, tape, 1-419 
recorder, telephone, Ifl-616 
recording amplifier, 1-90 
recording 

automatic tape, 1-21 

telephone, automatic, H-622 
rectifier, 0-527-528, IH-536-537 

absolute value, ideal full wave, 11-528 

averaging filter and, 1-229 

diodeless, precison, IH-537 

fast half wave, 1-228 

full-wave, precision, HI-537 

half-wave, 1-230, 11-528 

high impedance precision, for ac/dc 
converter, 1-164 

low forward-drop, HI-471 

precision full wave, 1-234 

precision, 1-422 

synchronous, phase detector-selector/ 
balanced modulator, 01441 
redial, electronic telephone set with, III- 

606 
reference 

+/- 10V, 1-696 

+ /-3V, 1-696 

+ /-5V, 1-696 

to 20 volt power, 1-694 

high stability voltage, 1-696 

low power regulator, 1-695 

precision bipolar output, 1-698 

precision dual tracking voltage, 1-698 

precision low noise buffered, 1-698 

precision micropower 10 V, 1-697 

precision reference to 20 volt power, 
1-699 

precision square wave voltage, 1-696 

precision standard ceil replacement, I- 
699 

voltage, 1-695, 10-773-775 
reference clock, three phase clock from, 

O-101 
reference supply, low voltage adjustable, I- 

695 
reference voltage amplifier, 1-36 
reflection oscillator, crystal-controlled, OI- 

136 
reflectometer, 1-16 
register, shift, II-366 
register driver, shift, 1-418 
register, shift, 1-380 
regulated dc to dc converter, fl-125 
regulated power supply 

8-amp, 0-461 

12 to 14V at 3 A, 0480 

+ 15V1-A, 01-462 



regulated split power supplies, 1-492 
regulator, 1-511 
to 22 V, 1-510 
to 30 V, 1-510 
0-10V at 3A adjustable, 1-511 
3W switching application circuit for, I- 

492 
5.0 V/1.0A, 1-500 

6.0A variable output switching, 1-513 
10-A, 1-510 

10-A, adjustable, 10492 
15V/1A, with remote sense, 1-499 
15V slow turn-on, 10477 
45 V/1A switching, 1499 
100 Vrms voltage, 1496 
-15 V negative, 1499 
adjustable output, 1306, 1-512 
battery charging, 1-117 
bucking, high-voltage, 10-481 
constant voltage/constant current, 1-508 
current and thermal protection, 01-10 

amp, 0474 
dual-tracking, 01462 
fixed pnp, zener diode to increase 

voltage output of, 0484 
flyback, off-line, 0481 
high stability 1A, 1-502 
high stability, 1499 
HV, foldback current limiting, 0478 
low voltage, 1-511 

linear, low cost, low dropout, 01459 
mobile voltage, 1498 
multiple output switching, for use with 

MPU, 1-513 
negative, floating, 1498 
negative, switching, 1498 
negative, voltage, 1499 
positive, floating, 1498 
positive, switching, 1498 
positive, with NPN/PNP boost, DI475 
positive, with PNP boost, 01471 
pre-, SCR, 0482 
pre-, tracking, 01492 
precision high voltage, 1-509 
radiation-hardened 125A linear, 0468 
remote shutdown, 1-510 
short circuit protection, low voltage, t- 

502 
single ended, 1493 
slow turn on 15 V, 1499 
switching, 3-A, DI472 
switching, 5.0/6.0A 25kHz, with sepa- 
rate ultrastable reference, 1497 
switching, 200kHz, 1491 
switching, step down, 1493 
switching, high-current inductorless, III- 

476 
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regulator, (con't.) 

switching, low-power, III-490 

voltage, H484, 1-501 

variable power supply, current source 
and, IIU90 

voltage, 10V high stability, III-468 

voltage, 5-V low-dropout, DI-461 

voltage, ac, IH477 

voltage, high-voltage, III-485 

voltage, negative, III-474 

voltage, PUT, 90V rms voltage, 11-479 

voltage, single supply, H-471 

voltage, variable, III-491 
rejection filter, 1-283 
relaxation oscillator, SCR, III-430 
relay, H-529-532 

10 A 25Vdc solid state, 1-623 

ac, optically coupled, III-418 

ac, photon coupler in, 11-412 

audio operated, [-608 

capacitance, 1-130 

carrier operated, 1-575 

dc latching, optically coupled, III-417 

dc solid-state, normally open/closed, 
111-412 

driver for, delay and controls closure 
time with, H-530 

integrated solid state, 11-408 

light beam operated on/off, 1-366 

light isolated solid state power, 1-365 

rf-actuated, III-270 

ringer, telephone, 111-606 

solid-state ZVS, antiparallel SCR 
output, III416 

solid-state, IU-569-570, III-569 

solid-state, ac, 111-570 

sound actuated, 1-610 

telephone, 1-631 

time delayed, 1-663 

tone actuated, 1-576 

TR circuit, 11-532 

triac, contact protection, 11-531 

ultra precise long time delay, 1-219 
remote ac electronic thermostat, two- 
wire, 1-639 
remote amplifier, 1-99 
remote control 

carrier, current, 1-146 

lamp or appliance, 1-370 

servo system, 1-575 

transmitter/receiver, IR, 1-342 
remote loudspeaker via IR link, 1-343 
remote on/off switch, 1-577 
remote ringer, telephone, UI-614 
remote sensor, precision temperature 

transducer, 1-649 
remote telephone monitor, H-626 
remote temperature sensing, 11-654 
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repeater 

European-type, tone burst generator 
for, 111-74 

fiber optic link, 1-270 

telephone, III-607 
repeater beeper, 1-19 
reset, power-on, 11-366 
resistance/continuity meters, III-538-540 

cable tester, III-539 

continuity tester, HI-540 

ohmmeter, linear, IH-540 
resistance controlled digital oscillator, II- 

426 
resistance measurement, low parts count 

ratiometric, 1-550 
resistance meter, 11-533 

single chip checker in, 11-534 
resistance ratio detector, 11-342 
resistance to voltage converter, 1-161-162 
resistor multiplier, 11-199 
resonator oscillator, varactor tuned 10 

MHz ceramic, 11-141 
restorer, video dc, m-723 
reverb enhancement system, stereo, 1-606 
reverb system, stereo, 1-602 
reversing motor drive, dc control signal, 

11-381 
rf amplifier, 11-537-549, IU-542-547 

1 watt/2.3 GHz, 11-540 

10 watt/225-400 MHz, 11-548 

10 dB-gain, DI-543 

2-30 MHz, UI-544 

5-W 150-MHz, m-546 

5W power, U-542 

6-meter kilowatt, 11-545 

6-meter preamp, 20dB gain and low NF, 
H-543 

60-W 225400 MHz, 111-547 

125 Watt/150 MHz, H-544 

AGC, wideband adjustable, UI-545 

broadcast-band, HI-264, 11-546 

common-gate, 450-MHz, UI-544 

isolation amplifier, 11-547 

low distortion 1.6 to 30MHz SSB driver, 
H-538 

meter-driver, 1-MHz, UI-545 

power amp, 1296-MHz solid-state, III- 
542 

UHF-TV preamp, HI-546 
rf burst generators, portable, HI-73 
rf current readout, 1-22 
rf detector, II-500 
rf genie, 11-421 
rf modulator, HI-372, III-374, 1-436 

double sideband suppressed carrier, II- 
369 
rf oscillator, 1-550-551, 1-572 



z VFO, H-551 
transmitter and, 27MHz and 49MHz, I- 
680 
rf power 
meter, 1-16 

sidetone oscillator, 1-24 
switch, m-592 
wide-range meter, III-332 
rf probe, IH-498, III-502, 1-523 
rf signal tracer probe, audio, 1-527 
rf sniffer, 11-210 
rf switch, low-cost, IU-361 
rf voltmeter, 1405, ffl-766 
rf-actuated relays, III-270 
RGB video amplifier, ID-709 
RGB-composite video signal converter, 

IH-714 
RIAA pre amp, 111-38 
ring counter 
20 kHz, H-135 
incandescent lamps, 1-301 
low cost, 1-301 
SCR, in-195 
variable timing, 11-134 
ring detector 
low line loading, 1-634 
telephone, IH-619, 11-623 
telephone, optically interfaced, IH-611 
ring extender switch, remote, 1-630 
ring indicator, telephone auto answer, I- 

635 
ring-around flasher, LED, HI-194 
ringer 
high isolation, 11-625 
programmable multi-tone, 11-634 
remote, plug-in, U-627 
telephone or extension phone, 1-628 
telephone tone, 1-627 
telephone, piezoelectric device, 1-636 
telephone, relay, IH-619 
tone, H-630, H-631 
RLC oscillator, DU23 
rms-to-dc converter, 11-129, 1-167 

thermal, 50-MHz, HI-117 
road ice alarm, H-57 
robot 
eyes for, H-327 
light-seeking, 11-325 
robot eyes, U-327 
rocket launcher, H-358 
rotation detector, D-283 
roulette, electronic, 11-276 
RS-232 
CMOS-to, line receiver, m-102 
dataselector, automatic, HI-97 
drive circuit, low-power, III-175 
LED circuit, III-103 
RS flip flop, 1-395 
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RTD signal conditioner 
5V powered linearized platinum, 11-650 
precision, linearized platinum, 11-639 

rumble filter, III-192, 1-297, III-660 



rvJVlr ItHct&E'llStlO II ell. 1 Kervo motor drive amplifier, II-384 
time delay circuit with, 11-670 servo system 

triggering series, optically coupled, III- controller, 111-384 

411 remote control, 1-575 



S meter, III-342 

safe area protection, power amplifier with, 

ID459 
safety flare, 11-608 

sample and hold, III-548-553, 11-552-559, 
1-590 

charge compensated, 11-559 

fast and precise, 11-556 

filtered, III-550 

high accuracy, 1-590 

high performance, 11-557 

high speed amplifier, 1-587 

high speed, m-550, 1-587-588, 1-590 

infinite, II-558 

inverting, III-552 

JFET, 1-586 

low drift, 1-586 

offset adjustment for, 1-588 

three-channel multiplexer with, 111-396 

track-and-hold, m-552 

track-and-hold, basic, ni-549 

version II, 11-553 

xlOOO, 1-589 
sampling circuit, hour time delay, 11-668 
saturated standard cell amplifier, 11-296 
sawtooth waves 

oscillator modulator, III-373 

pulse generator and, ITI-241 
SCA decoder, 11-166, 11-170, 1-214 
SCA demodulator, HI-565, III-150 
scale, digital weight, 1-398 
scaler, inverse, 1-422 
scanner, bar codes, IH-363 
Schmitt trigger, HI-153, 1-593 

crystal oscillator, 1-181 

programmable hysteresis, 1-592 

TTL-compatible, 11-111 

without hysteresis, 1-592 
scratch filter using LM287, 1-297 
SCR circuits 

chaser, IH-197 

crowbar, 11-496 

flasher, III-197 

flip flop, 11-367 

gas/smoke detector, IH-251 

preregulator, 11-482 

proximity alarm, 111-517 

radio control using, 11-361 

relaxation flasher, 11-230 

relaxation oscillator, 111-430 

ring counter, IH-195 



scrambler, telephone, 11-618 
scratch filter, HI-189, IH-660 
second-audio program adapter, 111-142 
security alarm, 1-4 
security circuits, IH-3-9, III-3 
security monitor, home system, 1-6 
security system, vehicular, 1-5 
self-oscillating flyback converter, 11-128, 

III-748 
semiconductor fail-safe alarm, EEI-6 
sense of slope tilt meter, 11-664 
sensing circuit, nanoampere, 100 megohm 

input impedance, 1-203 
sensing control circuit, water level, 1-389 
sensor (see also alarms; detectors) 

0-50C, four channel temperature, 1-648 

ambient light ignoring optical, III-413 

capacitive, alarm for, 111-515 

cryogenic fluid level, 1-386 

differential temperature, 1-655 

humidity, III-266-267, H-285-287 

IC temperature, 1-649 

isolated temperature, 1-651 

light level, 1-367 

light, back-biased GaAs LED, 11-321 

logarithmic light, 1-366 

magnetic current, low-power, III-341 

motion, unidirectional, 11-346 

photodiode amplifier for, U-324 

precison temperature transducer with 
remote, 1-649 

proximity, 0-505, m-514-518 

remote, loop transmitter for, 111-70 

remote temperature, 1-654 

self-biased proximity, detected changing 
field, 1-135 

simple differential temperature, 1-654 

temperature (sec also temperature 
sensor), H-645, 1-648, 1-657 

temperature, 111-629-631, 111-629 

voltage-level, III-770 

zero crossing detector with tempera- 
ture, 1-733 
sequence indicator, phase, 1-476 
sequencer, pseudorandom, m-301 
sequential flasher, 11-233 

ac, 11-238 

automotive turn signals, 1-109 
sequential timer, III-651 
series connectors, telephone, III-609 
servo amplifier 

400 Hz, H-386 

bridge type ac, 1-458 

dc, 1-457 



shaper, sine wave, 11-561 
shift register, II-366, 1-380 

driver for, 1-418 
shifter 

0-180 degree phase, 1-477 

0-360 degree phase, 1-477 

single transistor phase, 1-476 
ship siren, electronic, 11-576 
short-circuit proof lamp driver, 11-310 
shortwave converters, Hl-114 
shortwave FET booster, 1-561 
shutoff, automatic, battery-powered 

projects, 111-61 
shutter speed tester, 11-445 
sidetone oscillator, rf-powered, 1-24 
signal attenuator, analog, microprocessor- 
controlled, III-101 
signal combiner, III-368 
signal conditioner 

5V powered linearized platinum RTD, 
H-650 

bridge circuit, strain gauge, 11-85 

LVDT, n-338 

precision, linearized platinum RTD, II- 
639 

thermally stabilized PIN photodiode, II- 
330 
-signal distribution amplifier, 1-39 
signal generator 

high frequency, 11-150 

square-wave, IH-583-585, III-583 

staircase, III-586-588, IH-586 

two-function, III-234 
signal injectors, III-554-555 
signal source, crystal-controlled, D-143 
signal-supply, voltage-follower amplifiers, 

111-20 
simple field strength meter, 11-275 
simple metronome, 11-354 
simulated inductor, 11-199 
simulators, EKG, three-chip, III-350 
sine-wave descrambler, 11-163 
sine-wave generators, square-wave and, 

tunable oscillator, 111-232 
sine-wave oscillator, HI-556-559, 11-560- 
570 

555 used as RC audio oscillator, 11-567 

adjustable, 11-568 

audio, 11-562 

audio, generator, III-559 

audio, simple generator for, 11-564 

low distortion, 11-561 

one-lC audio generator, 11-569 

programmable-frequency, IH-424 
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sine-wave oscillator (con 'I. ) 

relaxation, modified UJT for clean audio 

sinusoids, II-566 
sine wave shaper, Ji-561 
two-tone generator, 11-570 
variable, super low-distortion, III-558 
Wien bridge, 1-66, 1-70, 11-566 
Wien bridge, CMOS chip in, 11-568 
Wien-bridge, low-distortion, thermal 

stable, III-557 
Wien-bridge, single-supply, 111-558 
sine- wave output buffer amplifier, 1-126 
sine-wave to square wave converter, 1-170 
sine/cosine generator, 0.1 to 10 kHz, II- 

260 
sine/square wave oscillator, 1-65 
single-IC auto alarm, III-7 
single-lamp flasher, III-196 
single-pulse generator, 11-175 
single-supply function generator, 11-273 
single-supply voltage regulator, 11-471 
single-timer IC square wave tone burst, 

n-89 
single-tone burst generator, 11-87 
sirens, 111-560-568, 11-571, 1-606 
adjustable-rate programmable- 
frequency, III-563 
electronic, 111-566 
7400, 11-575 
hee-haw, IU-565, 11-578 
high power, 11-578 
linear IC, 111-564 
multifunction system for, 11-574 
ship, electronic, 11-576 
Star Trek red alert, 11-577 
toy, 11-575 

TTL gates in, 11-576 
two-state, 111-567 
two-tone, III-562 

varying frequency warning alarm, 11-579 
wailing. III-563 
yelp oscillator, 111-562, 11-577 
six decade range ammeter, 11-153, 11-156 
sixteen-bit A/D converter, 11-26 
slide timer, III-448 
slide-show timer, 111-444 
sliding tone doorbell, 11-34 
slow-sweep windshield wiper control, 11-55 
smart clutch, auto air conditioner, 111-46 
smoke alarm, line operated photoelectric, 

1-596 
smoke detector, IH-246-253, 11-278 
gas, 1-332 

ionization chamber, 1-332-333 
operated ionization type, 1-596 
photoelectric, 1-595 
sniffer 
heat, electronic, III-627 
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snooper, FM, III-680 
socket debugger, coprocessor, III-104 
soil moisture meter, 111-208 
solar-powered battery charger, 11-71 
solar-triggered switch, III-318 
solenoid drivers, III-571-573 

12-V latch, m-572 

hold-current limiter, 111-573 

power-consumption limiter, III-572 
solid-state electric fence charger, 11-203 
solid-state high-voltage supply, remote 

adjustable, III486 
solid-state relays, IH-569-570, 111-569 

ac, 111-570 
solid-state stepping switch, 11-612 
solid-state switch, line-activated, tele- 
phone, III-617 
sound-activated circuits 

decoder, III-145 

relay, 1-610 

switch, III-580, 11-581, III-600, 10-601 

switch, ac, H-581 
sound generators, HI-559-568, 11-585-593 

allophone, 111-733 

■autodrum, 11-591 

bagpipes, electronic, III-561 

bird chirp, 111-577, H-588, 1-605 

bongos, 11-587 

chug-chug, 111-576 

funk box, H-593 

fuzz box, III-575 

race-car motor/crash, IH-578 

sound effects, IH-574-578 

steam locomotive whistle, 111-568, 11-589 

steam train/prop plane, II-592 

super, II1-564 

train chuffer, 11-588 

tremolo circuits, 111-692-695, III-692 

twang-twang, II-592 

unusual fuzz, 11-590 

voice circuits, HI-729-734, 111-729 

waa-waa circuit, 11-590 
sound-level 

meter, III-346 

meter/monitor, telephone, III-614 
sound light flash trigger, 1-481 
sound modulated light source, 1-609 
sound-operated circuits, III-579-580, II- 
580-584 

color organ, 11-583 

color organ, basic, 11-584 

switch, III-580, 11-581, III-600, HI-601 

speech activity detector, telephone, III- 
615 

two way switch, 1-610 

voice-operated switch, 111-580 

vox box, 11-582 



trigger for flash unit, 11-449 

sources 
bilateral current, 1-694-695 
constant current, 1-697 
inverting bipolar current, 1-697 
noninverting bipolar current, 1-695 
programmable voltage, 1-694 
2enerless precision millivolt, 1-696 

source follower, photodiode, Ifl-419 

SPDT switch, ac-static, 11-612 

space war, 1-606 

speaker system 
FM carrier current remote, 1-140 
hand-held transceivers, amplifiers for, 

m-39 

overload protector for, 11-16 
wireless, IR, III-272 
speakerphone, III-608, H-611 
speech activity detector, III-615, 11-617 
speech compressor, 11-15 
speech filter, 300 Hz-3kHz bandpass, I- 

295 
speech network, 11-633 
speed alarm, 1-95 
speed controller 
closed-loop, III-385 
fans, automatic, III-382 
dc motor, 1-454 

dc motor, direction control and, 1-152 
dc variable, fiber optic, 11-206 
feedback, 1447 

fixed speed, driver and, III-387 
high torque motor, 1-449 
load-dependent, 1-451 
model trains and cars, 1-455 
motor, 1-450, 1-453 
motor, dc, reversible, driver and, III- 

388 
motor, high-efficiency, III-390 
PWM, energy-recovering brake and, 

UI-380 
radio control, 1-576 
series wound motors, 1-443 
shunt-wound motors, 1456 
switched-mode, 111-384 
tachless, IH-386 
tools and appliances, 1-446 
universal motor, load dependent, 1-451 
speed warning device, 1-96, 1-101 
splitter, m-581-582 
battery, HI-66 
phase, precision, III-582 
precision phase, 1477 
voltage, IH-738, HI-743 
wideband, IH-582 
squarer, precision, 1-615 
square-wave generator, III-583-585, II- 
594-600 
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2MHz using two TTL gates, 11-59; 

555 timer in, 11-595 

astable multivibrator as, 11-597 

CMOS 555 astable, true rail-to-rail, II- 
596 

duty-cycle multivibrator, III-50-percent, 
HI-584 

high-current oscillator, III-585 

line frequency, 11-599 

low frequency TTL oscillator, 11-595 

oscillator, 11-597 

oscillator, with frequency doubled 
output, 11-596 

phase tracking three-phase, 11-598 

pulse extractor, DI-584 

quadrature-outputs oscillator, III-585 

sine-wave and, tunable oscillator, III-232 

three-phase, 11-600 

triangle-wave and, IH-239 

triangle-wave and, precision, 111-242 

triangle-wave and, programmable, III- 
225 

triangle-wave and, wide-range, III-242 
square-wave tone burst generator 

single tinier IC in, 11-89 
square-to-sine wave converters, III-118 
square waveform multiburst generator, II- 

88 
squelch, 11-394 

AM/FM, 1-547 
squib firing circuits, 11-357 
SSB driver 

low distortion 1.6 to 30MHz, 11-538 
SSB transmitter 

crystal-controlled LO for, 11-142 
stable optocoupler, 11-409 
stable unity gain buffer 

good speed and high input impedance, II-6 
staircase generator, III-586-588, 11-601- 
602 

UA2240, m-587 
stand-by power supply, non-volatile CMOS 

EAMs, 11-477 
standard, precision calibration, 1-406 
standard cell amplifier, saturated, 11-296 
standing wave ratio (SWR) 

power meter, 1-16 

QRP bridge, HI-336 

warning indicator, 1-22 
Star Trek red alert siren, 11-577 
start-and-run motor circuit, DI-382 
state of charge indicator, lithium battery, 

H-78 
state-variable filter, IH-189, H-215 
steam locomotive sound effect, 11-592 
steam locomotive whistle, III-568, 11-589 
step-up switching regulator, 6V battery, 
H-78 



HMP JUl|£^ollSctljQ;Kl^Il. 1 Koupled, m-408 

118 ac-static SPDT, 11-612 

stepping motor driver, 11-376, HI-390 
stepping switch, solid state, 11-612 
stereo amplifier, Av/200, 1-77 
stereo balance circuit, 11-603-605 
stereo balance meter, K-605, 1-618-619 
stereo balance tester, 11-604 
stereo decoder 

frequency division multiplex, 11-169 

time division multiplex, 11-18 
stereo demodulator, H-159 

FM, 1-544 
stereo mixer, four input, 1-55 
stereo phonograph amplifer with bass tone 



control, 1-670 

stereo power meter, HI-331 

stereo preamplifier, 11-43, 11-45 

stereo reception indicator, 111-269 

stereo reverb systems, 1-602, 1-606 
gain control in, II-9 

stereo TV decoder, 11-167 

stimulator, constant-current, HI-352 

stimulus isolator, 111-351 

stop light, garage, 11-53 

strain gauge 
bridge excitation, 111-71 
bridge signal conditioner, 11-85 
instrumentation amplifier, E3-280 

strobe circuits, 11-606-610 
disco-, II-610 
safety flare, 11-608 
simple, 11-607 
tone burst generator, 11-90 
trip switch, sound activated, 1-483 
variable strobe, III-589-590, 111-589 

stud finder, DI-339 

subharmonic frequencies, crystal- 
stabilized IC timer for, 11-151 

subtracter, HI-327 

successive approximation A/D converter, 
11-24, E-30 

summing amplifier, HI-16 
video, clamping circuit and, III-710 

sun tracker, III-318 

supply rails, current sensing in, D-153 

suppressed-carrier, double-sideband, 
modulator, III-377 

sweep generator, 10.7 MHz, 1-472 

sweep 
add-on triggered, 1-472 
oscilloscope-triggered, M-438 

switched-capacitor analog-to-digital 
converters, 111-23 

switch, H-611-612 
ac, sound activated, H-581 
ac power, photoelectric, ni-319 
ac switcher, high- voltage, optically 



adjustable light detection, 1-362 

analog, one MOSpower FET, III-593 

CMOS touch, 1-137 

contact, 1-136 

dc static, 11-367 

debouncer, HI-592 

delay, auto courtesy light, 111-42 

differential analog, 1-622 

DTL-TTL controlled buffered analog, I- 

621 
FET dual-trace (oscilloscope), 11-432 
Hall-effect, IH-257 
high frequency, 1-622 
high toggle rate, high frequency analog, 

1-621 
latching, double button touch, 1-138 
light operated, HI-314. 11-320 
low current touch, 1-132 
on/off inverter, HI-594 
on/off touch, 11-691 
photocell memory, ac power control, I- 

363 
photoelectric, 11-321 
photoelectric, synchronous, 11-326 
proximity, B3-517 
push on/off, H-359 
remote on/off, 1-577 
remote ring extender, 1-630 
rf, low-cost, IH-361 
solar-triggered, HI-318 
solid state stepping, 11-612 
sonar transducer/, HI-703 
sound activated, III-580, 11-581, HI-600, 

m-601 
sound operated two way, 1-610 
speed, 1-104 

switching controller JH-383 
temperature control, low power zero 

voltage, 11-640 
touch, 1-131, 1-135-136, HI-661-665, 11-692 
touchomatic, 11-693 
triac zero point, 11-311 
triac zero voltage, 1-623 
two channel, 1-623 
ultrasonic, 1-683 
video, automatic, HI-727 
video, general purpose, IH-725 
video, high-performance, IH-728 
video/, very high off isolation, IH-719 
voice-operated, III-58G 
zero crossing, 1-732 
zero point, 1-373 
zero-voltage switching, dosed contact 

half-wave, IH-412 
zero- voltage switching, solid-state, 

optically coupled, III-410 
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switch and amplifier, voice activated/I-6C^lVlnlfnl<IMtfilEI13 
switch mode power supply, 11-470 
switched light, capacitance, 1-132 
switched mode converter, + 50V push 

pull, 1-494 
switching circuits, III-591-594 
analog switch, one-MOSpower FET, III- 



593 

debouncer, III-592 

latching, SCR-replacing, III-593 

on/off inverters, III-594 

rf power switch, HI-592 
switching inverter, 500 kHz, 12 V sys- 
tems, 11-474 
switching power amplifier, 1-33 
switching power supply, III-458 

100-KHZ, multiple-output, III-488 

50-W off-line, III-473 
switching regulator 

3-A. IIM72 

200kHz, M91 

5V/6A 25uHz, separate ultrastable 
reference, 1-497 

6.0A variable output, 1-513 

application circuit, 3W, 1-492 

high-current inductorless, III-476 

low-power, IQ-490 

multiple output MPU, 1-513 

positive, 1-498 

step down, 1-493 

step-up, 6V battery, 11-78 
switching/mixing, silent audio, 1-59 
synchronous photoelectric switch, 11-326 
sync separator, single-supply wide-range, 

m-715 
synthesizer 

four channel, 1-603 

frequency, programmable voltage- 
controlled, 11-265 

music, 1-599 



tachometer, 1-100, 1-102, 11-175, IH-335, 
340, III-595-598 

calibrated, IH-598 

closed loop, feedback control of, 11-390 

digital, m-45, 11-61 

frequency counter, 1-310 

gasoline engine, 1-94 

low-frequency, III-596 

minimum component, 1-405 

motor speed control and, U-389 

motor speed control using feedback 
from, n-378 

optical pick-up, III-347 

set point, m-47 
tamper proof burglar alarm, 1-8 



tap, telephone, 111-622 

tape playback amplifier, 1-92 

tape preamplifier, J-90 

tape-recorder circuits, 1-419, HI-599-601 

extended-play circuit, IE-600 

flat-response amplifier, HI-673 

interface for, 11-614 

playback amplifier, ni-672 

position indicator/controller, 11-615 

sound-activated switch, HI-600, HI-601 

telephone-to-cassette interface, 111-618 
tape recording 

amplifier for, 1-90 

automatic, 1-21 
tape starter, telephone controlled, 1-632 
telemetry demodulator, 1-229 
telephone-related circuits, HI-602-622, II- 
616-635 

amplifier far, III-621 

auto answer and ring indicator for, 1-635 

automatic recording device, 11-622 

blinker, 11-629 

blinking phone light monitor, 11-624 

cassette interface, III-618 

dial pulse indicator, HI-613 

dialed phone number vocahzer, III-731 

dialer, pulse/tone, single-chip, 0-603 

dual tone decoding, 11-620 

duplex line amplifier, III-616 

eavesdropper, wireless, HI-620 

frequency and volume controller, 11-623 

hands-free telephone, HI-605 

handset encoder, III-613 

handset tone dial encoder, 1-634 

hold button. IH-612, H-628 

in use indicator, 11-629 

light for, 11-625 

line interface, autopatch, 1-635 

line monitor, 1-628 

musical hold, 11-623 

musical ringer for, 11-619 

night light, telephone controlled, m-604 

off-hook indicator, 1-633 

optoisolator status monitor, 1-626 

parallel connection, Hl-611 

piezoelectric ringer, 1-636 

plug-in remote ringer for, 11-627 

programmable multi-tone ringer, 11-634 

pulse-dialing, 111-610 

recorder, III-616 

redial, III-606 

relay, 1-631 

remote monitor for, 11-626 

remote ringer, IH-614 

repeater, IIK07 

repertory dialer, line powered, 1-633 

ring detector, IH-619, 11-623 



1 rf^detector, optically interfaced, IH- 

611 
ringer, high isolation, 11-625 
ringer relay, 111-606 
scrambler, 11-618 
series connection, III-S09 
sound level meter monitor, 111-614 
speakerphone, IH-608, 11-632 
speech activity detector, HI-615, 11-617 
speech network, 11-633 
status monitor using optoisolator, 1-626 
switch, solid-state, line-activated, III- 

617 
tap, HI-622 

tape starter controlled by, 1-632 
tone-dialing, HI-607 
tone ringer for, 1-628 
tone ringer II, 11-631 
tone ringer, 1-627 
tone ringer, n-630 
Touchtone generator, IH-609 
television-related circuits 
audio amplifiers for, HI-39 
automatic turn off for, 1-577 
cross-hatch generator, 111-724 
IF amplifier and detector using MC130/ 

MC1352, 1-688 
modulator for, 11-433-434, 1-439 
sound IF or FM IF amplifier with 

quadrature detector, 1-690 
stereo, decoder for, 11-167 
transmitter, III-676 

TTL oscillator interfaces data for, 11-372 
UHF preamplifier, III-546 
temperature alarm, 11-4, 11-643 

adjustable threshold, 11-644 
temperature compensated crystal oscilla- 
tor, 1-187 
temperature control, III-623-628, 11-636- 

644, 1-641-643 
adjustable threshold alarm for, 11-644 
alarm for, 11-643 
circuit for, 11-637 
dual-timer chip, liquid level monitor and, 

U-643 
heater element, H-642 
heater protector, servo-sensed, III-624 
heat sniffer, electronic, IH-627 
low cost circuit for, 11-638 
low power zero voltage switch, 11-640 
piezoelectric fan-based, HI-627 
precision, linearized platinum RTD 

signal conditioner, 11-639 
proportional, IH-626 
single setpoint, 1-641 
zero-point switching, HI-624 
temperature indicator 
PTC thermistor for -automotive, 11-56 
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temperature measuring circuit, digil 

653 

temperature meter, 1-647 
temperature monitor, IH-206 
temperature sensitive heater control, I- 

640 
temperature sensor, III -629-631, 11-645- 
650, 1-648, 1-657 
0-50-degree C four channel, 1-648 
0-63 degrees C, HI-631 
5V powered linearized platinum RTD 

signal conditioner, II-650 
Centigrade thermometer, 11-648 
coefficient resistor, positive, 1-657 
differential, 1-655 
dual output over/under, 11-646 
DVM interface, n-647 
hi/lo, H-650 
integrated circuit, 1-649 
isolated, HI-631, 1-651 
remote, 1-654 
simple differential, 1-654 
thermocouple amplifier with cold junc- 
tion compensation, 11-649 
thermocouple multiplex system, III-630 
zero crossing detector, 1-733 
temperature stable oscillator, 11-427 
temperature to frequency converter, I- 
168, H-651-653, 1-656 
digital measuring circuit for, 11-653 
temperature to frequency transconducer, 

linear, 1-646 
temperature transducer with remote 

sensor, 1-649 
temperature-compensated crystal oscilla- 
tor, m-137 

temperature-to-time converters, HI-632- 

633, IIt-632 
ten-band graphic equalizer, active filter in, 

11-684 
ten-bit A/D converter, 11-28 
ten-bit serial output A/D converter, 11-27 
Tesla coils, III-634-636 
test circuit, III-328-348, II-340 

60MHz power gain, 1-489 

audible slow logic pulses, 11-345 

continuity for PCB, 11-342 

diode, 11-343 

frequency shift keyer tone generator, I- 
723 

ground, 11-345 

unidirectional motion sensor, 11-346 

wire tracer, 11-343 
test probe 

4-220V, IIM99 

logic, with memory, 1-525 
tester 

audio continuity, 1-550 



JKi*l rWllVlGir 113X1 113.1. 1 IVtwo wire remote ac electronic, 1-639 
diode, 1402 third overtone crystal oscillator, 1-186 



go/no-go diode, 1-401 

ground, 1-580 

low resistance continuity, 1-551 

precision, dual limit, go/no-go, 1-157 

shutter, 1-485 

transistor, 1-401 

TTL logic, 1-527 

zener, 1-400 
text adder, composite-video signal, HI-716 
theremins, 11-654-656 

digital, 11-656 

electronic, 11-655 
thermal flowmeter, low-rate flow, HI-203 
thermally controlled ni-cad battery 

charger, 11-68 
thermally stabilized PIN photodiode signal 

conditioner, H-330 
thermocouple circuits 

digital thermometer using, D-658 

multiplex, temperature sensor system, 
HI-630 

pre-amp using, HI-283 

thermometer, centigrade calibrated, I- 
650 
thermocouple amplifier, 11-14, 1-654 

cold junction compensation in, 11-649 

high stability, 1-355 
thermometer, IH-637-643, 11-657-662 

0-50 degree F, 1-656 

0-100 degree C, 1-656 

adapter for, III-642 

add-on for DMM digital voltmeter, III-640 

basic digital, 1-658 

Centigrade, II-648, H-662 

centigrade, 1-655 

centigrade, calibrated, 1-650 

differential, III-638, 1-652, 11-661 

digital, 1-651 

digital, temperature-reporting, ni-638 

digital, thermocouple, 11-658 

electronic, 111-639, 11-660 

Fahrenheit, 1-658 

ground referred Centigrade, 1-657 

ground referred Fahrenheit, 1-656 

iroplantable/ingestible, HI-641 

Kelvin scale with zero adjust, 1-653 

Kelvin with zero adjust, 11-661 

Kelvin, ground referred output, 1-655 

linear, HI-642 

low power, 1-655 

meter, trimmed ouput, 1-655 

remote, 11-659 

uP controlled digital, 1-650 

variable offset, 1-652 
thermostat 

three wire electronic, 1-640 



three-channel multiplexer, sample and 

hold, III-396 
three-decade logarithmic A/D converter, 

148 
three-dial combination electronic lock, II- 

195 
three-in-one test set, HI-330 
three-minute tinier, 111-654 
three-phase clock, reference dock to, II- 

101 
three-phase ac motor driver, 11-383 
three-phase power factor controller, 11-388 
three-phase square wave output 

generator,II-600 
three-phase tester, H-440 
three-rail power supply, HI-466 
threshold detectors, precision, III-157 
tilt meter, UI-644-646, 11-663-666 

differential capacitance measurement 
circuit, II-665 

sense of slope, 11-664 

ultra-simple level, 11-666 
time delay, IU-647-649, 11-667-670 

circuit, precision solid state, 1-664 

constant current charging, 11-668 

electronic, 111-648 

generator, 1-218 

hour sampling circuit, 11-668 

long duration, 1-220 

low cost integrator to multiply 555, II- 
669 

relay, 1-663 

relay, ultra precise long, 1-219 

simple, 11-220, 1-668 

timing threshold and load driver, HI-648 

two SCR, 11-670 
time division multiplex stereo decoder, II- 

168 
timebase, crystal oscillator, IH-133 
timer, III-650-655, 1-668, 11-671-681 

0.1 to 90 second, 1-663 

741, 1-667 

adjustable ac .2 to 10 seconds, 11-681 

alarm with, 11-674 

CMOS, programmable precision, HI- 
652 

circuit for, II-675 

darkroom, 1-480 

electronic egg, 1-665 

IC, crystal-stabilized, 11-151 

long delay, PUT, 1-219 

long interval RC, 1-667 

long term electronic, 11-672 

long-time, 111-653 

low power microprocessor programma- 
ble interval, 11-678 
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timer (com 7.) 

one-shot, HI-654 

photographic, 1-485 

photographic darkroom enlarger, III-445 

precision elapsed time/countdown, II- 
680 

programmable voltage-controlled, H-676 

PUT long duration, II-675 

sequential, III-651, 1-661-662 

sequential UJT, 1-662 

simple, 1-666 

slide-show, III-444 

slides, photographic, III-44S 

solid-state, industrial applications, 1-664 

three-minute, HI-654 

thumbwheel programmable interval, I- 
660 

triangle-wave generator, linear, III-222 

variable duty_cycle output, III-240 

washer, 1-668 
timing, sequential, 1-663 
timing circuit, 1-666 
timing light, ignition, 11-60 
timing threshold and load driver, III-64S 
TMOS voltage-controlled oscillator, 

balanced, IH-736 
tone alert decoder, 1-213 
tone annunciator, transformerless, UI-27- 

28, 111-27 
tone burst generator, 11-90, 1-604 

European repeaters, 111-74 
tone control, IH-656-660, 1-677, 11-682- 
689 

active bass and treble, with buffer, 1-674 

audio amplifier, 11-686 

equalizer, ten-band octave, III-658 

guitar treble booster, 11-683 

high level preamp and, 11-688 

high quality, 1^675 

high"z input, hi fi, 1-676 

IC preamplifier, III-657, 1-673 

microphone preamp with, 11-687 

microphone preamp, 1-675 

mixer preamp, 1-58 

passive circuit, 11-689 

rumble/scratch filter, HI-660 

ten band graphic equalizer, active filter, 
n-684 

three-band active, III-658, 1-676 

three channel, 1-672 

Wien-bridge filter, ffl-659 
tone decoder, III-143, 1-231 

dual time constant, 11-166 

24 percent bandwidth, 1-215 

relay output, "1-213 
tone detectors, 500-Hz, 111-154 
tone dial decoder, 1-631 
tone dial encoder, 1-629 
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tone dial sequence decoder, 1-630 
tone-dialing telephone, III-607 
tone encoder, 1-67 

subaudible, 1-23 

two-wire, 11-364 
tone generator 

FSK test circuit, 1-723 

portable, 1-625 

warbling, 11-573 
tone probe, digital IC testing with, 11-504 
tone ringer, telephone, 11-630, D-631 
totem-pole driver, bootstrapping, III-175 
touch circuit, 1-137 

touch switch, 1-135-136, HI-661-665, II- 
690-693 

CMOS, 1-137 

digital on/off, 111-663 

electronic on/off, III-663 

latching, double button, 1-138 

low current, M32 

momentary operation, 1-133 

line-hum, III-664 

negative-triggered, III-662 

on/off, H-691 

positive-triggered, IH-662 

touchomatic, 11-693 

two-terminal, HI-663 
touchomatic switch, 11-693 
Touchtone generator, telephone, III-609 
touch triggered bistable, 1-133 
toxic gas detector, 11-280 
toy siren, 11-575 
TR circuit, H-532 
tracer 

bug, III-358 

closed-loop, IH-356 

receiver, UI-357 
tracer probe, audio ref signal, 1-527 
track-and-hold circuit, III-667 

sample-and-hold circuit, HI-549 , DI-552 

signal, ffl-668 
tracking A/D converter, 8-bit, HI-24, 1-46 
tracking circuits, III-666-668 

positive/negative voltage reference, III- 
667 

preregulator, HI-492 

track-and-hold, IH-667 

track-and-hold, signal, 111-668 
train chuffer sound effect, 11-588 
transceiver 

dc adapter and, hand-held, III-461 

hand-held, speaker amplifiers, HI-39 

ultrasonic, III-702, 111-704 
transducer amplifiers, IH-669-673 

flat-response, tape, IH-673 

NAB preamp, record, III-673 

NAB preamp, two-pole, 111-673 



diode amplifier, III-672 

preamp, equalized, for magnetic phono 
cartridges, III-671 

preamp, magnetic phono, III-673 

tape playback, IH-672 

voltage, differential-to-single-ended, III- 
670 
transducer, 1-86 

bridge type, amplifier for, UI-71, 11-84 

detector for magnetic, 1-233 

sonar, switch and, UI-703 

temperature, precision, remote sensor, 
1-649 
transformerless tone annunciator, 111-27- 

28 
transistor flasher, 111-200 
transistor headphone amplifier, 11-43 
transistor saturated nonselective fre- 
quency triplet, 11-252 
transistor sorter, 1-401 
transistor tester, 1-401 
transistorized flashers, table of, 11-236 
transmission indicator, 11-211 
transmitter, UI-674-691 

l-of-8 channel multiplexed transmission 
system, HI-395 

1-2 MHz broadcast, 1-680 

40 kHz ultrasonic, 1-685 

200 kHz line carrier with on/off, 1-142 

amateur radio, 80-M, 1H-675 

audio, carrier-current circuit, 111-79 

beacon, IH-683 

carrier current, 1-144 

CW, 1-W, IK-678 

CW, 40-M, m-684 

CW, 902-MHz, III-686 

CW, QRP, III-690 

fiber optic, IH-177 

FM, multiplex, EJ-688 

FM, one-transistor, 111-687 

FM, (PRM) optical, 1-367 

FM, snooper, III-680 

FM, voice, HI-678 

FM, wireless microphone, 111-682, HI- 
685, III-691 

half-duplex information transmission 
link, low-cost, IH-679 

infrared, HI-277, 11-289, H-290 

inftared, digital, IU-275 

integrated circuit carrier current, 1-145 

IR, 1-343 

low-frequency, 111-682 

one tube, 10 W CW, 1-681 

one-of-eight channel, computer circuit, 
III-100 

optical, 1-363 

optical, FM, 50 kHz center frequency, 
H417 
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optical, receiver for, 11-418 *tWAIr^B M^SiMtll? A-W J 

oscillator and, 27 and 49 MH2, 1-680 



receiver and, IE remote control, 1-342 

remote sensors, loop-type, HI-70 

simple FM, 1-681 

television, HI-676 

VHF modulator, HI-684 

VHF tone, m-681 
treasure locator, to-parts, 1-409 
treble booster, guitar, D-683 
tremolo circuit, 1-59, IH-692-695 

voltage-controlled amplifier, 1-598 
triac circuits 

lamp dimmer, III-303, 11-310 

relay-contact protection with, E-531 

zero point switch, 11-311 
triac-controlled voltage doubler, HI-468 
triangle to sine converter, 11-127 
triangle/square wave oscillator, 11-422 
triangle-wave generators, 111*234 

square-wave and, III-225, 111-239 

square-wave and, precision, III-242 

square-wave and, wide-range, 1H-242 

timer, linear, 111-222 
trickle charger, 12 V battery, 1-117 
trigger 

50-MHz, m-364 

camera alarm, IH-444 

flash, photographi, xenon flash, III-447 

optical Schmitt, 1-362 

oscilloscope-triggered sweep, HI-438 

remote flash, 1-484 

SCR series, optically coupled, m-411 

sound light flash, 1-482 

triac, 1-421 
triggered sweep, add-on, 1-472 
tripler, nonselective, transistor saturation, 

11-252 
trouble tone alert, II-3 
TTL circuits 

clock, wide-frequency, IQ-85 

coupler, optical, Dl-416 

gates, siren using, 11-576 

Morse code keyer, 11-25 

square wave to triangle wave converter, 
11-125 

TTL to MOS logic converter, H-125 
tunable audio filter, 11-402 
tunable audio notch fitter circuit, 11-399 
tunable frequency oscillator, 11-425 
tunable notch filter, op amp, 11-400 
tuner 

FM, 1-231 

guitar and bass, 11-362 
turbo circuits, glitch free, IQ-186 
twang-twang circuit, 11-592 
twilight-triggered circuit, II322 
twin-T notch niters , III-403 



two-channel panning circuit, 1-57 
two-gate quartz oscillator, IH-136 
two-level multiplexer, 111-392 
two-meter preamp for handitalkies, 1-19 
twc-op amp bridge type differential 

amplifier, 11-83 
two-phase ac motor driver, 11-382 
two-state siren, HI-567 
two-tone generator, 11-570 
two-tone siren, HI-562 
two-way intercom, III-292 
two-wire to four wire audio converter, II-: 
two-wire tone encoder, 11-364 
two's complement, D/A conversion 

system, binary, 12-bit, 111-166 



14 



u 



UA2240 staircase generator, III-587 
UHF, wideband amplifier, high perfor- 
mance FETs, 111-264 
UHF-TV preamplifier, m-546 
UJT circuits 

battery chargers, 111-56 

metronome, 11-355 

tnonostable circuit, bias voltage change 
insensitive, 11-268 
ultra high gain audio amplifier, 1-87 
ultra high voltage generator, 11-488 
ultra high Z ac unity gain amplifier, II-7 
ultra low leakage preamp, 11-7, 1-38 
ultrasonics, HI-696-707 

arc welding inverter, 20 KH2, m-700 

induction heater, 120-KHz 500-W, 111- 
704 

pest-controller, III-706, III-707 

pest-repeller,I-684, H-685, 111-699 

ranging system, 111-697 

receiver, ffl-698,TH-705 

sonar transducer/switch, 111-703 

switch, 1-683 

transceiver, HI-702, m-704 

transmitter, 1-685 
undervottage, monitor for, rfI-762 
unidirectional motion sensor, 11-346 
uninterruptible power supply, 11-462 

+ 5V, HM77 
unity gain amplifier 

inverting, 1-80 

inverting, wideband, 1-35 

ultra high Z ac, H-7 
unity gain buffer 

stable, with good speed and high input 
impedance, 11-6 
unity gain follower, 1-27 
unipolar-to-dual supply voltage converter, 
m-743 



universal active filter, 11-214 

universal battery chargers, 111-56, 111-58 

universal counter 

10 MHz, H-139 

40-MHz, HI-127 
universal mixer stage, 111-370 
universal power supply, 3-30V, DI-489 
universal wiper delay, 1-97 
untuned field strength meter, 1-276 
unusual fuzz sound effect, 11-590 
up/down counter, extreme count freezer, 
III-125 



vacuum fluorescent display circuit, 11-185 

vapor detector, D-279 

varactor tuned 10 MHz ceramic resonator 

oscillator, 11-141 
variable attenuator, 1-52 
variable-capacitance diode-sparked VCO, 

in-737 
variable current source, 100 mA to 2A, II- 

471 
variable duty-cycle oscillator, fixed- 
frequency, ni-422 
variable-frequency inverter, complemen- 
tary output, HI-297 
variable-gain amplifier, voltage-controlled, 

1-28-29 
variable-gain and sign op amp, 11-405 
variable-gain circuit, accurate null and, III- 

69 
variable oscillator, 11-421 
four-decade, single control for, 11-424 
wide range, n-429 
variable power supplies 487-492 
adjustable 10-A regulator, UI-492 
regulator/current source, HI-490 
switching regulator, low-power, HI-490 
switching, 100-KHz multiple-output, III- 

488 
tracking preregulator, III-492 
universal 3-30V, HI-489 
variable voltage regulator, HI-491 
variable sine-wave oscillator, super low- 
distortion, ITI-558 
variable slope compressor/expander, III- 

94 
variable timed ring counter, 11-134 
varying frequency warning alarm, H-579 
vehicle security system, 1-5 
versatile battery charger, 11-72 
very low frequency generator, E-64, 
VFO,5MHz,n-551 
VHF crystal oscillator 
20-MHz, m-138 
50-MHz, 111-140 
100-MHz, m-139 
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VHF modulator, 1-440, IH-684 
VHF tone transmitter, 111-681 
video amplifier, IH-708-712 

75-ohm video pulse, III-711 

buffer, low-distortion, HI-712 

color, 1-34, m-724 

dc gain-control, 111-711 

FET cascade, 1-691 

gain block, III-712 

IF, low-level video detector circuit and, 
11-687, 1-689 

JFET bipolar cascade, 1-692 

line driving, 111-710 

RGB, HI-709 

summing, clamping circuit and, 0-710 
video circuits (see also television-related), 
111-713-728 

chroma demodulator with RGB matrix, 

m-716 

color amplifier, HI- 724 

composite-video signal text adder, III- 
716 

cross-hatch generator, color TV, III-724 

dc restorer, HI-723 

high-performance video switch, III-728 

PAL/NTSC decoder with RGB input, 
111-717 

palette, 111-720 

picture fixer/inverter, III-722 

RGB-composite converter, HI-714 

signal clamp, III-726 

switch/, very high off isolation, ffl-719 

sync separator, single-supply wide- 
range, HI-715 

video switch, automatic, III-727 

video switch, general purpose, III-725 

wireless camera link, 111-71 
video log amplifier, dc to, 1-38 
video modulator, 11-371, 11-372, 1-437 
video monitors, RGB, blue box, HI-99 
video multiplexer, l-of-15 cascaded, III- 

393 
visible voltage indicator, HI-772 
voice activated switch and amplifier, 1-608 
voice circuits, III-729-734 

ac line-voltage announcer, III-730 

allophone generator, III-733 

computer speech synthesizer, III-732 

dialed phone number vocalizer, 111-731 

voice substitute, electronic, III-734 
voice substitute, electronic, III-734 
voice-operated switch, 111-580 
voltage amplifier 

differential-to-single-ended, HI-670 

reference, 1-36 
voltage control resistor, 1-422 
voltage-controlled amplifier, 1-31, 1-598 
voltage-controlled attenuator, 11-18, 111-31 
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135 
voltage-controUed filter, III-187 
voltage-controlled high speed one shot, II- 

266 
voltage-controlled ramp generator, 11-523 
voltage-controlled timer, programmable, 

11-676 
voltage-controlled amplifier, tremolo 

circuit or, 1-598 
voltage-controlled oscillator, 1-702-704 
3-5 V regulated output converter, III- 

739 
10Hz to 10kHz, 1-701, IH-735-741 
linear, 1-701 

linear triangle/square wave, 11-263 
logarithmic sweep, III-738 
precision, 111-431, 1-702 
simple, 1-703 

supply voltage splitter, HI-738 
three decade, 1-703 
TMOS, balanced, III-736 
two decade high frequency, 1-704 
variable-capacitance diode-sparked, III- 

737 
waveform generator and, III-737 
voltage-controlled variable gain amplifier, 

1-28-29 
voltage-controller, pulse generator and, 

111-524 
voltage converters, III- 742-748 
12-to-16 V, III-747 
dc-to-dc, 3-25 V, III-744 
dc-to-dc, dual output +/- 12-15 V, III- 

746 
flyback, high-efficiency, III-744 
flyback-switching, self-oscillating, III- 

748 
offline, 1.5-W, HI-746 
regulated 15-\but 6-V driven, III-745 
splitter, III-743 

unipolar-to-dual supply, III-743 
voltage detector relay, battery charger, H- 

76 
voltage doubler, III-459 

triac-controlled, HI-468 
voltage follower, 1-40, HI-212 
fast, 1-34 
noninverting, 1-33 

signal-supply operation, amplifiers for, 
IU-20 
voltage indicator 
solid-state battery, 1-120 
visible, 1-338 
voltage inverters, precision, III-298 
voltage level detector, 11-172, 1-338 
voltage level indicator, III-759, III-770 
five step, 1-337 



:ep, 1-335 

voltage meters/monitors/indicators, III- 
758-772 
ac voltmeter, TII-765 
ac voltmeter, wide-range, HI-772 
audio miflivditmeter, HI-767, m-769 
comparator and, 11-104 
dc voltmeter, III-763 
dc voltmeter, resistance, high-input, III- 

762 
DVM, 3.5-digit, full-scale 4-decade, III- 

761 
DVM, 4.5-digit, III-760 
FET voltmeter, ni-765, HI-770 
frequency counter, IH-768 
high-input resistance voltmeter, IH-768 
HTS, precision, 1-122 
low-voltage indicator, HI-769 
multiplexed common-cathode LED 

ADC, III-764 
over/under monitor, HI-762 
peak program detector, Ifl-771 
rf voltmeter, IH-766 
visible voltage indicator, HI-772 
voltage freezer, IH-763 
voltage monitor, IH-767 
voltage-level, HI-759 
voltage-level sensor, HI-770 
voltage ratio-to-frequency converter, III- 

116 
voltage references, HI-773-775 
bipolar source, HI-774 
digitally controlled, IH-775 
expanded-scale analog meter, HI-774 
positive/negative, tracker for, IH-667 
voltage regulator, 11-484 
5-V low-dropout, III-461 
10V high stability, HI-468 
ac, HI-477 

automotive circuits, IH-48 
high-voltage, IH-485 
negative, IH-474 
projection lamp, 11-305 
PUT, 90V rms voltage, H-479 
single supply, 11-471 
variable, III491 
voltage source, programmable, 1-694 
voltage splitter, m-738 
voltage-to-current converter, HI-110, II- 

124, 1-166 
voltage-to-frequency converters, 1-707, 
IH-749-757 
1 Hz-to-lOMHz, III-754 
1 Hz-to-30 MHz, III-750 
lHz-to-l,25MHz, HI-755 
5 KHz-to-2MHz, HI-752 
10Hz to 10 kHz, 1-706 
accurate, IH-756 
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differential-input, III-750 

law-cost, HI-751 

precision, 11-131 

preserved input, III-753 

wide-range, HI-751, III-752 
voltage-to-pulse duration converter, 11-124 
voltmeter 

3 1/2 digit, 1-712 

3 1/2 digital true rms ac, 1-712 

5-digit, III-760 

ac, ffl-765 

ac, wide-range, HI-772 

add-on thermometer for, IH-640 

bar-graph, 11-54 

bargraph car, 1-99 

dc, IU-763 

dc, high-input resistance, III-762 

digital, III-4 

digital, 3.5-digit, full-scale, four-decade, 
DI-761 

FET, 1-713, ffl-765, HI-770 

high-input resistance, HI-768 

rf, 111-766 

sensitive rf, 1-405 

wide band ac, 1-715 
volume amplifier, 11-46 
volume control, telephone, 11-623 
vox box, 11-582 

Vpp generator, EPROM, 11-114 
VU meter, extended range, 11-487, 1-714 
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waa-waa circuit, U-590 
waiters, HI-560-568, 11-571 

alarm using, 11-572 
wailing siren, III-563 
wake-up call, electronic, 11-324 
walkman amplifier, 11-456 
warblers, Hl-560-568, 11-571 

alarm using, H-573 

generator for, 11-572 

tone generator, 11-573 
warning, auto Hghts-oti, 11-55 
warning alarm, varying frequency, 11-579 
warning device 

high level, 1-387 



low level, audio output, 1-391 

speed, 1-96 
warning light, 111-317 

battery powered, 11-320 
water-level sensors 

detector and control, III-206 

indicator, 11-244 

sensing and control, 11-246 
wattmeter, 1-17 
waveform generator, 11-269, 11-272 

audio, precision, Hl-230 

four-output, III-223 

precise, 11-274 

VCO and, Hl-737 
weight scale, digital, 11-398 
whistle, steam locomotive, 01-568, 11-589 
who's first game circuit, 111-244 
wide-band AGC amplifiers, 111-15 
wide-frequency range oscillator/amplifier, 

11-262 
wide-ftequency TTL clock, 111-85 
wide-range oscillator, IH-425 
wide-range peak detectors, III-152 
wide-range variable oscillator, 11-429 
wideband amplifiers 

hybrid, 500 kHz-1 GHz, UI-265 

instrumentation, 111-281 

miniature, ITI-265 

UHF amplifiers, high-performance 
FETs, m-264 
wideband signal splitter, 111-582 
wideband two-pole high pass filter, 11-215 
Wien-bridge filter, IH-659 
Wien-bridge notch filter, D-402 
Wien-bridge oscillator 

CMOS chip in, 11-568 

low-distortion, thermally stable, IH-557 

low- voltage, HI432 

sine wave, 11-566 

single-supply, IIT-55S 

variable, Hl-424 
wind powered battery charger, 11-70 
windicator, 1-330 
window comparator^, 111-90, 11-106 

high-input-impedance, 11-108 

window detectors/comparators/ 

discriminators, HI-776-781 



digital frequency window, IH-777 
multiple-aperture discriminator, III-781 

windshield wiper circuits 
control circuit for, 11-62, 1-103, 1-105 
delayed-action control for, 11-55 
hesitation control unit for, 1-105 
intermittent, dynamic braking in, 11-49 
slow-sweep control for, 11-55 

windshield washer fluid watcher, 1-107 

wire tracer, 11-343 

wireless speaker system, IR, IH-272 

write amplifiers, ID-IS 



xenon flash t-.^ger, stave, 111-447 
XOR gates 

complementary signals generator, HI- 
226 

oscillator, HI-429 

up/down counter, III-105 



yelp oscillator, H-577 
yelping siren, III-562 



Z80 clock, n-121 
zapper, H-64 

ni-cad battery, 11-66 

ni-cad battery, version II, 11-68 
zener diode 

increasing power rating of, 11-485 

variable, 1-507 
zener rating, transistor increases, 1-496 
zener tester, 1-400 
zero crossing detector, 11-173 
zero meter, suppressed, 1-715 
zero point switch 

temperature control, HI-624 

triac, n-311 
zeFO-voltage switching 

closed contact half-wave,. IH-412 

solid-state relay, antiparallel SCR 
output, IH-416 

solid-state, optically coupled, IH-410 
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Other Bestsellers of Related Interest 



HOW TO USE SPECIAL-PURPOSE ICs 

— Delton T. Horn 

A truly excellent overview of the newest and most 
useful special purpose ICs available today, this source- 
book covers practical uses for circuits ranging from volt- 
age regulators to CPUs . . . from telephone ICs to 
multiplexers and demultiplexers . . . from video ICs to 
stereo synthesizers . . . and more! Easy-to-follow expla- 
nations are supported by drawings, diagrams, and sche- 
matics. 400 pages, 392 illustrations. Book No. 2625, 
$16.95 paperback only 

THE LINEAR IC HANDBOOK-Michael S. Morley 
Far more than a replacement for manufacturers' 
data books, The Linear IC Handbook covers linear IC 
offerings from all major manufacturers— complete with 
specifications, data sheet parameters, and price informa- 
tion—along with technological background on linear 
ICs. It gives you instant access to data on how linear ICs 
are fabricated, how they work, what types are available, 
and techniques for designing them. 624 pages, 366 illus- 
trations. Book No. 2672, $49.50 hardcover only 

ALARMS: 55 Electronic Projects and 
Circuits— Charles D. Rakes 

Make your home or business a safer place to live 
and work — for a price you can afford. Almost anything 
can be monitored by an electronic alarm circuit— from 
detecting overheating equipment to low fluid levels, 
from smoke in a room to an intruder at the window. This 
book shows you the variety of alarms that are available. 
There are step-by-step instructions, work-in-progress 
diagrams, troubleshooting tips, and advice for building 
each project. 178 pages, 150 illustrations. Book No. 
2996, $13.95 paperback only 

50 CMOS IC PROJECTS-Delton T. Horn 

Delton T. Horn presents a general introduction to 
CMOS ICs and technology . . . provides full schematics 
including working diagrams and parts lists . . . offers 
construction hints as well as suggestions for project vari- 
ations and combinations. This book discusses: the basics 
of digital electronics, safe handling of CMOS devices, 
breadboarding, tips on experimenting with circuits, and 
more. You'll find signal generator and music-making 
projects, time-keeping circuits, game circuits, and a host 
of other miscellaneous circuits. 224 pages, 226 illustra- 
tions. Book 2995, $16.95 paperback, $25.95 hardcover 



MASTER HANDBOOK OF 1001 PRACTICAL 
ELECTRONIC CIRCUITS— Solid-State Edition 

—Edited by Kendall Webster Sessions 

Tested and proven circuits that you can put to imme- 
diate use in a full range of practical applications! You'll 
find circuits ranging from battery chargers to burglar 
alarms, from test equipment to voltage multipliers, from 
power supplies to audio amplifiers, from repeater cir- 
cuits to transceivers, transmitters, and logic circuits. 
Whatever your interest or electronics speciality, the cir- 
cuits you need are here, ready to be put to immediate 
use. 420 pages, 632 illustrations. Book. No. 2980, 
$19.95 paperback only 

HOW TO DESIGN SOLD>STATE CIRCUITS 

—2nd Edition— Mannie Horowitz and Delton T. Horn 

Design and build useful electronic circuits from 
scratch! The authors provide the exact data you need on 
every aspect of semiconductor design, performance 
characteristics, applications potential, operating reliabil- 
ity, and more! Four major categories of semiconductors 
are examined: diodes, transistors, integrated circuits, 
and thyristors. It's filled with procedures, advice, tech- 
niques, and background information— all the hands-on 
direction you need to understand and use semiconductors 
in all kinds of electronic devices. 380 pages, 297 illus- 
trations. Book No. 2975, $16.95 paperback, $24.95 
hardcover 

ELECTRONIC DATABOOK— 4th Edition 
-Rudolf F. Graf 

If it's electronic, it's here— current, detailed, and 
comprehensive! Use this book to broaden your electron- 
ics information base. Revised and expanded to include 
all up-to-date information, this fourth edition makes any 
electronic job easier and less time-consuming. You'll 
find information that will aid in the design of local area 
networks, computer interfacing structure, and more! 
528 pages, 131 illustrations. Book No. 2958, $24.95 
paperback, $34.95 hardcover 



The Real Muslims Portal 



500 ELECTRONIC IC CIRCufrffWrTBT R&TCTEraCTRONlC; 



PRACTICAL APPLICATIONS-Jaraes A. Whitson 

More than just an electronics book that provides cir- 
cuit schematics or step-by-step projects, this complete 
sourcebook provides both practical electronics circuits 
AND the additional information you need about specific 
components. You will be able to use this guide to 
improve your IC circuit-building skills as well as 
p become more familiar with some of the popular ICs. 336 
pages, 600 illustrations. Book No. 2920, $24.95 paper- 
back, $29.95 hardcover 

THE ILLUSTRATED DICTIONARY OF 

ELECTRONICS-5th Edition 

— Rufus P. Turner and Stan GibiHsco 

This-completely revised and updated edition defines 
more than 27,000 practical electronics terms, acronyms, 
and abbreviations. Find up-to-date information on basic 
electronics, computers, mathematics, electricity, com- 
munications, and state-of-the-art applications— all dis- 
cussed in a nontechnical style. The author also includes 
360 new definitions and 125 illustrations and diagrams. 
736 pages, 650 illustrations. Book No. 3345, $26.95 
paperback, $39.95 hardcover 



S THEORY— 3rd Edition 
— Delton T. Horn 

"All the information needed for a basic understanding of 
almost any electronic device or circuit . . ." was how 
Radio- Electronics magazine described the previous edi- 
tion of this now-classic sourcebook. This completely 
updated and expanded edition provides a resource tool 
that belongs in a prominent place on every electronics 
bookshelf. Packed with illustrations, schematics, 
projects, and experiments, it's a book you won't want to 
miss! 544 pages, 650 illustrations. Book No. 3195, 
$21.95 paperback only 

INTERNATIONAL ENCYCLOPEDIA OF 
INTEGRATED CmCLTTS— Stan Gibilisco 

How would you like to have the answers to just 
about any IC or IC application question in one easy-to- 
use "master" source? Now you can, with the new, all- 
inclusive sourcebook. This convenient, quick-reference 
source provides pin-out diagrams, internal block dia- 
grams and schematics, characteristic curves, descrip- 
tions and applications— for foreign and domestic ICs! 
1,000 pages, 4,500 illustrations. Book No. 3100 $75.00 
hardcover only 



THE BENCHTOP ELECTRONICS REFERENCE 

MANUAL-2nd Edition-Victor F.C. Veley 
Praise for the first edition: 

"... a one-stop source of valuable information on a 
wide variety of topics . . . deserves a prominent place on 
your bookshelf. ' ' —Modern Electronics 

Veley has completely updated this edition and added 
new sections omnathematics and digital electronics. All 
of the most common electronics topics are covered — ac, 
dc, circuits, communications, microwave, and more— 
this is the most complete reference available on the sub- 
ject. 784 pages, 389 illustrations. Book No. 3414, 
$29.95 paperback, $39.95 hardcover 



TROUBLESHOOTING AND REPAIRING 
ELECTRONIC CIRCUITS-2nd Edition 
—Robert L. Goodman 

Here arc easy-to-follow, step-by-step instructions 
for troubleshooting and repairing all major brands of the 
latest electronic equipment, with hundreds of block dia- 
grams, specs, and schematics to help you do the job 
right the first time. You will find expert advice and tech- 
niques for working with both old and new circuitry, 
including tube-type transistor, IC microprocessor, and 
analog and digital logic circuits. 320 pages, 236 illustra- 
tions. Book No. 3258, $18.95 paperback, $27.95 hard- 



ELECTRONICS EQUATIONS HANDBOOK 

—Stephen J. Erst 

Here is immediate access to equations for nearly 
every imaginable application! In this book, Stephen Erst 
provides an extensive compilation of formulas from his 
40 years' experience in electronics. He covers 21 major 
categories and more than 600 subtopics in offering the 
over 800 equations. This broadbased volume includes 
equations in everything from basic voltage to microwave 
system designs. 280 pages, 219 illustrations. Book No. 
3241, $16.95 paperback only 



COMPUTER TECHNICIAN'S HANDBOOK 

—3rd Edition— Art Margolis 

' 'This is a clear book, with concise and sensible lan- 
guage and lots of large diagrams . . . use [it] to cure or 
prevent problems in [your] own system . . . the [section 
on troubleshooting and repair] is worth the price of the 
book." — Science Software Quarterly 

More than just a how-to manual of do-it-yourself 
fix-it techniques, this book offers complete instructions 
on interfacing and modification that will help you get the 
most out of your PC. 579 pages, 97 illustrations. Book 
No. 3279, $24.95 paperback, $36.95 hardcover 
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ELECTRONIC CONVERSIOl^yifflrwls aiA 

Formulas— 2nd Edition 

— Rufus P. Turner and Stan Gibilisco 

This revised and updated edition supplies all the for- 
mulas, symbols, tables, and conversion fectors com- 
monly used in electronics. Exceptionally easy to use, the 
material is organized by subject matter. Its format is 
ideal and you can save time by directly accessing specific 
information. Topics cover only the most-needed facts 
about the most often used conversion, symbols, formu- 
las, and tables. 280 pages, 94 illustrations. Book No. 
2865, $14.95 paperback, $21.95 hardcover 



HittlftHDOTOfG AND REPAIRING THE 

NEW PERSONAL COMPUTERS-Art Margolis 

This is a treasury of time- and money-saving tips 
and techniques that shows personal computer owners 
and service technicians how to troubleshoot and repair 
today's new 8- and 16-bit computers (including 
IBM® PC/XT/ AT and compatibles, the Macintosh®, the 
Amiga, the Commodores, and other popular brands). 
Margolis examines the symptoms, describes the prob- 
lem, and indicates which chips or circuits are most likely 
to be the source of the trouble. 416 pages, 351 illustra- 
tions. Book No. 2809, $19.95 paperback only 
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